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VECTOR ALGEBRA

Vector Algebra
Top Concepts

1. A quantity which has magnitude as well as direction is called a vector.

2. Adirected line segment is called a vector.

"x

The point X from where the vector starts is called the initial point and the point Y where it ends is
called the terminal point.

3. For vector XY , magnitude = distance between X and Y, denoted by | XY |, and is greater than or equal
to zero.

4. The distance between the initial point and the terminal point is called the magnitude of the vector.

5. The position vector of point P = (x4, y1, z1) with respect to the origin is given

by OP=F =X +y > +2.

6. If the position vector OP of a point P makes angles o, f and y with the x, y and z axes, respectively,
then a, B and y are called the direction angles and cos a, cos § and cos y are called the direction
cosines of the position vector OP.

7. A =cos g, m=cos P and n = cos y are called the direction cosines of r.
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8. The numbers Ir, mr and nr, proportional to I, m and n, are called the direction ratios of the vector r and
are denoted by a, b and c.

In general, ?+ m?+n®=1, buta®+ b?+ c? # 1.

9. Vectors can be classified on the basis of position and magnitude. On the basis of magnitude, vectors
are classified as zero vectors and unit vectors. On the basis of position, vectors are classified as co-
initial vectors, parallel vectors, free vectors and collinear vectors.

10. A zero vector is a vector whose initial and terminal points coincide and is denoted by 0. 0 is called
the additive identity.

11. A unit vector has a magnitude equal to 1. A unit vector in the direction of the given vector a is denoted

byé.

12. For a given vector a, the vector a= 3 gives the unit vector in the direction of a.
a

13. Co-initial vectors are vectors with the same initial point.
14. Collinear vectors are parallel to the same line irrespective of their magnitudes and directions.
15. Two vectors are said to be parallel if they are non-zero scalar multiples of one another.

16. Equal vectors, as the name suggests, are vectors which have the same magnitude and direction
irrespective of their initial points.

17. The negative vector of a given vector a is a vector which has the same magnitude as a but its
direction is the opposite of a.

18. A system of vectors is said to be coplanar, if the vectors lie in the same plane.

19. Reciprocal of a vector: A vector with the same direction as that of the given vector a but magnitude

equal to the reciprocal of the given vector is known as the reciprocal of a and is denoted by at.

Thus, if a is a vector with magnitude a, then ‘a—‘f =
a

20. A vector whose initial position is not fixed is called a free vector.

21. Two vectors can be added using the triangle law and parallelogram law of vector addition.
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22. Triangle Law of Vector Addition: Suppose two vectors are represented by two sides of a triangle in

sequence, then the third closing side of the triangle represents the sum of the two vectors.
R

AN

PQ+QR =PR

P

23. Parallelogram Law of Vector Addition: If two vectors a and b are represented by two adjacent

sides of a parallelogram in magnitude and direction, then their sum a + b is represented in magnitude
and direction by the diagonal of the parallelogram.

B c

6]
A

OA +0B = OC

24. Vector addition is both commutative as well as associative.
Thus, (i) Commutative: For any two vectors aandb , we have
a+b=-b+a
(ii) Associativity: For any three vectors, 5, B, and ¢, we have

(a+b)+c=a+(b+c)

25. Difference of vectors: To subtract a vector BC from vector AB, its negative is added to AB.
(3

BC'=_BC
AB+BC'= AC'
= AB—BC = AC"

26. For any two vectors a and b, we have |5 + 5| < |5| + |5|

27. For any two vectors a and b, we have ‘5 - B‘ < ‘5‘ + ‘5‘
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28.

29.

30.

31.

32.

33.

34.

For any two vectors a and b, we have ‘5 - B‘ > Hé‘ - ‘BH .

If a is any vector and k is any scalar, then the scalar product of a and k is ka.
ka is also a vector, collinear to the vector a .

k>0 = ka has the same direction as a .

k<0 = ka has the opposite direction as a.

Magnitude of ka is |k| times the magnitude of vector ka.

Unit vectors along OX, OY and OZ are denoted by i j and k, respectively.

il

Plx.y.2)

- C{0,0,1)

O =
Af1,00) B(0.1.0)

P8
Vector OP=r = Xi+ yi’ + 2K is called the component form of vector r.
Here, x, y and z are called the scalar components of r in the directions of i ] and k, and

xi, yﬁ andzk are called the vector components of the vector r along the respective axes.

Two vectors a and b are collinear < b =k a, where k is a non-zero scalar. Vectors a and ka are
always collinear.

If a and b are equal, then |5 | = |B|.

If P(X1,Y1,%1) and Q(X2, Y2, Z2) are any two points, then the vector joining P and Q is ﬁ = position

vector of Q — position vector of P, i.e. PQ = (X2-X) 1 +(Y2-Yi )} +(Z,-2,)k.

Components of a vector in two dimensions: If Q is a point X(a, b), then

(i) OQ = ai + bj

(ii) ‘O_Q" —Ja+p?

(iii) The components of OQ along the x-axis is a vector ai whose magnitude is |a| and whose
direction is along OX or OX' as a is positive or negative.

(iv) The components of OQ along the y-axis is a vector bj whose magnitude is b| and whose

direction is along OY or OY' as b is positive or negative.
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35. Components of a vector in three dimensions: If Q is a point X(a, b, c), then

(i) OQ = ai+b3+cl2

(if) ‘CYQ‘ —J@ i+

(iii) The components of O—Q along the x-axis is a vector ai whose magnitude is |a| and whose direction
is along OX or OX' as a is positive or negative.

(iv) The components of O—Q along the y-axis is a vector bﬁ whose magnitude is |b| and whose direction
is along OY or OY' as b is positive or negative.

(v) The components of O—Q along the z-axis is a vector ck whose magnitude is |c| and whose direction
is along OZ or OZ' as c is positive or negative.

36. Collinearity of vectors: If a and b are two collinear or parallel vectors, then there exists a scalar k

such that a = kb.

37. Two non-zero vectors a and b are collinear if and only if there exists scalars x and y, not both zero,

such that xa + yB =0.

38. If a and b are any two non-zero non-collinear vectors and x and y are scalars, then

xa+yb=0=x=y=0.

39. Three points with position vectors 5, b and care collinear if and only if there exists three scalars x, y

and z, not all zero simultaneously, such that xa + yl5 +zc=0and x + y+z=0.

40. Let a and b be two given non-zero non-collinear vectors. Then any vector Fcoplanar with

41.

a and bcan be uniquely expressed as r = ma + nb for scalars m and n.

Three vectors 5,5 and c are coplanar if and only if

la+mb +nc =0, where |, m and n are scalars not all zero simultaneously.

42. If 5, b and care any three non-zero non-coplanar vectors, and x, y and z are scalars, then

x5+y5+zE=5:>x=y=z=0.

43. Geometrical interpretation of the scalar product: scalar product of two vectors & and b is the product

of modulus of either a or b, and the projection of the other in its direction.
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44. Projection of vector AB, making an angle of 8 with the line L, on line L is vector P = |ﬁ| cos 0.

B

oy

=1

45. Properties of a scalar product:
(i) Scalar product is commutative, i.e. a-b=b-a
(ii) Distributive property of a scalar product over addition:
é-(B+E):é-B+5-E
(b+c)-a=b-a+c-a
(iii) If the scalar product a-b=0,then 3 and bare perpendicular to each
other.

(iv) If 3 and bare perpendicular to each other, then the scalar product
a-b=0.

- - = -2
(v) If a is any vector, then a-a = ‘a‘ .

(vi) If 3 and bare two vectors, then (mé) b= m(é . 5) = a-mb, where m is a scalar.
(vii) If 3@ and bare two vectors, then
ma-nb = mn(é . 5) = (mné) b =a-mnb, where m and n are scalars.
(viii) If @ and bare two vectors, then
3 (-5)=~(a-B) = (-3) 5
(3)-(5)-5:8
(ix) If 3 and bare two vectors, then

5+6

—

2 -2 2 -
:‘a‘ +‘b‘ +2a-b

. 12 =2 12 I
|a—b| =|a| +|b| _2a-b

(3+5)-(a-5) <[ -
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46. The vector product of two non-zero vectors a and b denoted by a@xb is defined as
axb=|3| [b|sin6A, where @ is the angle between a and b, 0 <@ < =, and A is a unit vector

perpendicular to both a and b . Here, 3,b and A form a right handed system.

-aXb

47. Properties of a vector product:
(i) axbis a vector.
(ii) Vector product is not commutative.

axb =—(bxa)

(iii) If a and b are non-zero vectors, then a x b =0 if and only if a and b are collinear, i.e.

axb=0 < a|b, here either® =0or 0= =
(wnfe=ﬁ,maﬂéx6k{aﬁy

2

(v) If a and b are two vectors, X is a scalar, then Aaxb = k(é X B) =axAb
(vi) If a and b are two vectors, and A and | are scalars, then

Aa x ;,LB = ku(éxB) = K(éx p,B) = u(kaxB)
(vii) Vector product is distributive over addition.

If a,b and ¢ are three vectors, then

a)éx(6+ay=(éx5yuax6)
(i) (b+C)x 3= (bxa)+(tx3)

(viii) Vector product is distributive over subtraction.
If a,b and ¢ are three vectors, then

u)ax(5—6y=(ax6y45xa)
00(6—a)xa=(5xé)-(éxa)
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(ix) If we have two vectors a and b given in component form as,

a=a,i+a,j+ak and b=b,i+b,j+b,k

D>
>

|

a a, a,

b, b, b,
d

(x) For unit vectors i, ] and Kk,

- - T - = 1] A~
a lb=6=7 = sind=1=axb = |a||b| n
(xii) The angle between two non-zero vectors a and b is given by

_ laxb| » [|5>< bq
sin0=-"——orf=sin | ——
4l 4l

48. Let a and b be two vectors. Then the vectors perpendicular to a and b with magnitude 'k’ are given
+k (5 X 5)

by ——
axb

49. The area of a parallelogram is equal to the modulus of the cross product of the vectors representing
its adjacent sides.

A=‘ax6‘

50. The area of a parallelogram with diagonals cand dis %‘E X a‘.

51. The area of a triangle is equal to half of the modulus of the cross product of the vectors representing
its adjacent sides.

A= Z[axb]
2

52. The area of a A ABC is l><‘A_B>><A—C‘ or lx‘ﬁxﬁ‘ or lx‘@xC_A‘
2 2 2
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53. The area of a A ABC with position vectors of the vertices A, B and C is area of

AABczl\ax5+5xa+axa\.
2

o

axb+

54. The length of the perpendicular from C on AB = ‘q x E‘
a —
55. The length of the perpendicular from A on BC = axb +‘E . E‘Jr cxa
—C

axb+bxc+cxa

56 . The length of the perpendicular from B on AC = ‘ﬁ #‘
c—-a

57. The area of a quadrilateral ABCD is %‘E « BD|, where, AC and BD are its diagonals.

58. The vector sum of the sides of a triangle taken in order is zero.
Top Formulae
1. Properties of addition of vectors
(i) Vector addition is commutative.
a+b=b+a
(i) Vector addition is associative.
at+(b+c)=(a+b)+c
(iii) 0 is an additive identity for vector addition.
a+0=0+a=a
2. The position vector of the point C which divides AB internally in the ratio m : n is given
mb + na
m+n

by(Yf =

3. The position vector of the point C which divides AB externally in the ratio m : n is given
m-n
4. Linear combination of vectors 5, B, andc is of the form r = xa + yB +zC, where X, y and z are the
scalars.
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5. The position vector of the centroid is % , Wwhere 5, b and care the position vectors of the

triangle.

6. Magnitude or length of the vector r = xi+ yj+ zK is |F| = (XP+y?+2

7. Vector addition in component form: Given Fl = x1?+ ylﬁ + zllz and Fz = x2f+ yzi + zzlz, then

Fp 4Ty = (X +X)i+(yg +Y2)j+ (21 +2)k

8. Difference of vectors: Given Fl = x1f+ yli + 2112 and r, = x2f+ yzﬁ + z2|2, then

ry—ro =(Xg = Xo)i+(ys —y2)i+(z1 -2k

9. Equal vectors: Given ry = xqi+Yyyj+2;K and r, = X5i+Yy,]j+25K, then r; =r, if and only if

X1=X2:Y1=Y2: 21 =22
10. Multiplication of r = xi+ yj + zk with scalar k is given by kr = (kx)i+ (ky)j + (kz)k
11. For any vector, r in component form r = Xi + yﬁ + 7k, then x, y, and z are the direction ratios of r and

X Yy
2 2 2’ 2 2 2
\/x +y*+z \/x +y*+z

z ) , . .
, and are its direction cosines.

«/xz +y*+7°

12. The direction ratios of the line segment joining points (x,,y,,z,) and (X,,Y,,Z,) are proportional to

Xy =X Yo = Y12 — 44

13. If a vector r has direction ratios proportional to a, b and ¢, then

- (ai+ bi+cl2).

14. Let a and b be any two vectors and k and m be two scalars, then
(Jka+ma=(k+m)a
(i) k(ma) = (km)a
(i) k(a+b ) =ka + kb
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15. Vectors ry = Xqi+y1j+2;K and r, = X5i+y,j + 2,k are collinear if
(X1i+ ylj + lez) = k(Xz’i\-l- yZS + Zzlz)
i.e. Xq =kXo; Y1 =kyz;z1=kz
X _ Y4

16. The projections of a vector r=xi+ yj + zk on the coordinate axes are IF, mF, nr, where |, m and n

are the direction cosines of the vector r .

17. The scalar product of vectors a and b is a.b= |a||b|cos®, where 0 is the angle between vectors
dandb.

18. The scalar product in terms of components: Let a and b be two vectors such that
a=aji+a,j+a,k and b=b,i+b,j+b.k, then

a-b=ab, +ab, +ab,

Q|
o
|
ol

e )

20. Let a and b be two vectors such that a = aﬁ+ azi + a3I2 and b = b1?+ bzi + b3I2 , then the angle

19. The angle between two non-zero vectors a and b is given by cos 6 =

[ox]
O

B a

or 0 =cos”’ {

between the two non-zero vectors a and b is given by

0 - cost a,b, +a,b, +a,b,
\/alz +a,° +a,’ -\/bl2 +b,> +b.?

21. Let a and b be two vectors. Then
(i) a-b =0 ifand only if a is perpendicular to b.
(i) a-b > 0 if and only if 0is acute.
(i) a-b < 0if and only if 8 is obtuse.

22. Components of a vector along and perpendicular to vector:
Let a and b be two vectors.
Then the components of Balong and perpendicular to a are
b |- - |a-b
— |aand b-| —
4 &

Ql

a respectively.
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23. The projection of ron the X, Y and Z axes are X, y and z, respectively, where r=xi+ yj +2K.

24 1f F = Xi + yi + zlz, then x, y and z are called the components of Falong X, Y and Z axes,
respectively.

25.1f r = Xi + yi + 7K is a vector making an angle a, 3 and y with the X, Y and Z axes, respectively,
then,

r= H [(cos a)i+ (cosB)j+ (cosy) 12] and

cos® o+ cos* B+ cos’y =1

A

26. For unit vectors i, j and k, i.i =3j =k.k =1 and ?3 =3.k =k.i =0

27. The unit vector in the direction of vector r = xi+ y} +2ZK is L _ Xityj+ K

|r \/xz +y? +2°

28.
Projection of a vector @ on other vector b is given by:

a.b = a[ﬁ] . ﬁ(aﬁ)

29. Cauchy—Schwarz Inequality: |5.5| < |é|.|5|
30. Triangle Inequality: |5 + 5| <la| + |5|

31. The vector product of vectors a and b is @ x b=|a| |b|sin6A.

32. Geometrical meaning of vector product:
Let a and b be two non-zero, non-parallel vectors.
Then the cross-product ax bis a vector with magnitude equal to the area of the parallelogram having

a and bas its adjacent sides and direction nis perpendicular to the plane of aandb.



) d

0=ro+24+4dy

uay} ‘a[duern} UaAI3 St DGy J1
9T () ST I9pIO

ur uaye) a[3uern e Jo sapIs
9311} 9 JO WNS I0}3A Y],

(uonoamp ‘ddo
‘spmyudewr sures) 103094 e Jo aane3aN (1a)
(uondairp pue apnjrudewr awes) s103094 [enby (A)
(aurp swres ayy 03 [9[21ed) S10303A TEIUL[OD) (AT)
(syurod enrur sures) s10309A [eRIUIOD) (IIT)
(&3run st spnjruZewr) 103094 Jrup) (1)
(epmurod syurod [eururia) pue [eRIuL) 103094 0197 (T)

YINYINFIN | ST€ SSUISOD UORDAIIP pue
¢/ <) 1] )(gz’1) axe soner uondali
YIN=6+y+1f =4 vy Ye+/T+1=g¥ j1: 8 10g

A Y A
—=U‘—=w—= i

2 q D
:Se PaJe[al aIe Y0 + [ G+ 1D I0}D3A JO (1‘Ui’]) SIUTS0D
UONDIIP pUE (2°9v) SOeI UOHIIIP (£) apnjtudewr ay ],
"saxe 9Andadsar
a3 Suore suondafoxd sy yussardar pue ‘soner

UOMDIIP ST o1k I0JO9A € JO manGOQEOU Jefeds ayJ,

av =y +gy uaw
‘S10J09A UDAIZ 3} 3T JF ‘gF Ji
a 3

4 v
*SIOJD9A UDAIZ dIe SapIs juade(pe

asoym wrerdopdqered ayy jo

reuoSerp ayy Aq UaAI3 SI S10309A

S[ENTUIOD OM] JO WINS T0JDIA YL,

9 9 4
'  'pl=gxp

y [ 1

pue ¢ v+ v+ 'q'v=qv

¥(o0)+ L (o) +1('py) = vy
«Am®+§v+.\AN®+NBV+NAS+SVHQ+Q
-uay “rereds Aue sty

pue ¥q+LQ+1'9=q ‘yv+[D+1'v=p
© 7 7 s10100A OMy aARY OM JT

8EN= (St £+ T st opnmyuSew sy pue
¥S +[g+1T S1(6°6'7) d JO 103994 UonISo ] :33 104" 2 + A + X) =(4)dO

st opmyruSew syt pue ¥z + LA+ 1x st (z A ‘x) J Jurod e Jo 10109A UOHISO]

*q‘v Sururo| aury 03 remorpuadiad

101094 J1unN B ST U ‘U uIs|q||p| = gxp

felel

D
9500 q||p| = g 3ompoid refeds h%ﬁ uay} “way

=@'s00 &

U22M13( 33U ‘9, PUe SI01D9A A} ATk q ‘B I

M feusane () o st e )
———— ST A[[euro}xa (1) ST AJ[euIjuL (1
o=t qui+pu "y oy or3e1

ay3 ur ““dsar q ‘v axe s103094 uonisod asoym )/ Sururol
juawdas aurl e SuIpIAIp Y 3urod e Jo 103094 UOIISOJ Y T,

AU} UI J0JDIA JIUnN 3} SIAIZ

Is|

I0JO9A JIUN B ST UDIYM’ 1= — =D uay]} ‘IG=1 J1 * §3 10J 'V JO UODIIIP

L
_3_ / Aw

— = p 10]JO3A 9Y] D JOJOIA UIALS B I0]
D v

'0— " 10 92 49} SI a4

‘| gy | st gr 103994 Jo apnjTUSeN "dpMIUSeW S PITEd \V
SI 10309A € JO sjurod [euTwId) pue [ERIUT AU} Ud2M)aq DURISIP Y],
“I0JD9A B PI[[ED SI UOTIIP pue spnjrudew yjoq sey jeyy Aypuenb y

se Qumproooe (‘ddo 10) swres urewar uondaIp pue |y| £q
pardnnu st spnjrudew ayj usy3 ‘gy 103094 03 padnmin ¢ 31

Ol - ¥431dvh  FIdWIS QYW ININIY3T - dVYW AW



VECTOR ALGEBRA

Important Questions
Multiple Choice questions-

1. In AABC, which of the following is not true?

C

A B

—_—

(a) AB +

3
N
o

+

—_—

(b) AB+BC—-AC

l
l

I
ol

(c)AB+BC—-CA=0

(d)AB-CB+CA=0

2.1f @ and b are two collinear vectors, then which of the following are incorrect:
(a) b = AG tor some scalar A.

(b) @ = +b

(c) the respective components of a and b are proportional

(d) both the vectors d and b have the same direction, but different magnitudes.

3. If a is a non-zero vector of magnitude ‘a’ and Aa non-zero scalar, then Ad is unit vector if:

(a)A=1
(b)A=-1
(c)a=|[Al
1
(d)a=|—)\|

4. Let A be any non-zero scalar. Then for what possible values of x, y and z given below, the
vectors 21 — 3j + 4k and xi —yj + zk are perpendicular:

(Q)x=2A.y=A,z=A
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(b)x=AN,y=2\,z=-A
(c)x=-A\,y=2\,z=A

(d)x=-A\,y=-2\,z=A.

- 7 - ' ’\/2 - - . . .
5. Let the vectors a and b be such that |a| =3 and |b| = P then a x b is a unit vector if the

angle between @ and b is:
(a) =

(b) %

(c) 3
(d) >

6. Area of a rectangle having vertices

A (L +=] +4k),

D (- f+4k)is
1 .

(a)zsquare unit

(b) 1 square unit

(c) 2 square units

(d) 4 square units.

7. If 8 is the angle between two vectors d, E, thend. b >0 only when
(a)0<B< %

(b)0<0< g

(c)0<B<m
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(do<Bb<mn

8. Let @ and b be two unit vectors and 6 is the angle between them. Then a + b is a unit vector
if:

() 6=~
(b)© ==
(c)8=>
(d)g=="

9.1 {1, J, E} are the usual three perpendicular unit vectors, then the value of:
L(fxk)+].0xk)+k.(x])is

(a)0

(b) -1

(c)1

(d) 3

10. If 8 is the angle between two vectors @ and b, then |@. b| = |d x b| when 8 is equal to:
(a)0

(b) -

(c)5
(d) m

Very Short Questions:

1. Classify the following measures as scalar and vector quantities:
(i) 40°
(ii) 50 watt

(iii) 10gm/cm?
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(iv) 20 m/sec towards north
(v) 5 seconds. (N.C.E.R.T.)
2. In the figure, which of the vectors are:
(i) Collinear
(ii) Equal

(iii) Co-initial. (N.C.E.R.T.)

3. Find the sum of the vectors:

G=1—2j+kd=—2i+4j+5kandé=1i —6j — Tk (CBSE 2012
4. Find the vector joining the points P (2,3,0) and Q (-1, — 2, — 4) directed from P to Q.
(N.C.E.R.T.)

5. If d = xi + 2 - zk and b” = 31 - yj + k are two equal vectors, then write the value of x +y +
2. (C.B.S.E. 2013)

6. Find the unit vector in the direction of the sum of the vectors:

-~

G§=21—j+2kandb=—i+ j+3k(NCERT

7. Find the value of ‘p’ for which the vectors: 31 + 2j + 9k and i - 2pj + 3k are parallel.
(A.I.C.B.S.E. 2014)

—

8. If @ and b are perpendicular vectors, |d@ + b| = 13 and |d| =5, find the value of |b]|
(A..C.B.S.E. 2014)

9. Find the magnitude of each of the two vectors d and B having the same magnitude such
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that the angle between them is 60° and their scalar product is g (C.B.S.E. 2018)

10.Find the area of the parallelogram whose diagonals are represented by the vectors: a =21 -
3j + 4k and b=2i — j + 2k (C.B.S.E. Sample Paper 2018-19)

Short Questions:
1. If Bis the angle between two vectors:
i —2j +3kand 371 — 2j + k find sing. (C.B.SE.2018)

2. X and Y are two points with position vectors 3a+bandd-3b respectively. Write the po-
sition vector of a point Z which divides the line segment XY in the ratio 2:1 externally.
(C.B.S.E. Outside Delhi 2019)

3. Find the unit vector perpendicular to both a and B where:

4. 1fG=21+2j+k b=-1+2j+Fkand =30+ are such that @ + Ab is perpendicular to ¢,
then find the value of A. (C.B.S.E. 2019 C)

5. Letd=1+2j-3kand b=3; — j + 2k be two vectors. Show that the vectors (d + I;) and

(a- B) are perpendicular to each other. (C.B.S.E. Outside Delhi 2019)
6. If the sum of two-unit vectors is a unit vector, prove that the magnitude of their difference

is V3. (C.B.S.E. 2019)
7. Ifd+b+2&=0and la| =3, |f)| =5and |a| = 7, then find the value ofd-b+b-¢+cad
(C.B.S.E. Sample Paper 2019-20)
8. Find |d - b|, if two vectors a and b are such that |@| =2, | b | =3 and @b = 4. (N.C.E.R.T.)
Long Questions:

1. letd=4l+5 -kandb=1-
perpendicular to both ¢ and b and

4j + 5k and & = 31 + j - k. Find a vector d@ which is
d -d =21. (C.B.S.E. 2018)

2. Ifp=1+j+ k and qg=1-2j+ k, find a vector of magnitude 5vV3 units perpendicular to the
vector ¢. and coplanar with vector p and q. (C.B.S.E. 2018)
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3. Ifi+]+k, 20 +5f, 31 +2j - 3k and i - 6] - k respectively are the position vectors of points
A, B, Cand D, then find the angle between the straight lines AB and CD. Find

4. Ifd+b+¢
2014)

Oand |G| =3, |b| =5, and |&| =7, find the angle between @ and b. (C.B.S.E.

Case Study Questions:

1. A barge is pulled into harbour by two tug boats as shown in the figure.

YA
10} A
9
8+
6
5F
4_
3F
5| C
x'< e
O 12345678 9101112
V'Y

Based on the above information, answer the following questions.

i. Position vector of A is:
a 41+ Zj
b. 41 + 10j
c.4i— le
d4i — 2j
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Il. Position vector of B is:

a 41 + 4
b.61 + 6
¢ 91+ 7j
d. 31+ 3]
lii. Find the vector E in terms of i, j
b. —8]
c 81
d. None of these

ivifFA=1+ 2j + 3K, then its unit vector is:

i 2] 3k
3} 2j k
b TVt va
2 3] k

d. None of these
V. Ifj_i=4i +3j and B = 31 +4j,then |11| . i |]§| —

a. 12
b. 13
C. 14
d. 10

2. Three slogans on chart papers are to be placed on a school bulletin board at the points A,
Band C displaying A (Hub of Learning), B (Creating a better world for tomorrow) and C
(Education comes first). The coordinates of these points are (1, 4, 2), (3, -3, -2) and (-2, 2, 6)
respectively.
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€ A/ Hub of Learning

B C

=
=
Education g
=
=

Creating a
better world
for tomorrow

comes first

Based on the above information, answer the following questions.

i Let a, L e m——
and C respectively, then a + b4 Cis equal to:
a 21 + 3j + 6k
b 21 — 3] — 6k
c.21+8) + 3k
d.2(71 + 8j + 3k)

Ii. Which of the following is not true?

0

a AB +BC 4+ CA

|
=T

b.AB +BC — AC

cAB-+-BC — CA =0

i AB—CB4+CA =0
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iii. Area of AABC is:

a. 19 sqg. units

b. v/1937sq. units
g % v/ 1937sq. units
d. v/1837sq. units

IV. Suppose, if the given slogans are to be placed on a straight line,

then the value of |ﬁ Xxb4+bx¢é4cx Ei| will be equal to:

a -1

b -2

£ 2

do

vifa=21-+ 3j -+ 6]111 then unit vector in the direction of vector a is:

25 3= 6y

&g l—%] ?k
23 43 61

bogbfam ] ?k
3% 2% 61,

cx 5]tk

d. None of these

Answer Key-

Multiple Choice questions-
1. Answer: (c) AB+BC-CA=0
2. Answer: (d) both the vectors a and b have the same direction, but different magnitudes.

1
. A : =—
3. Answer: (d) a w
4. Answer:(c)x=-\,y=2A,z=A

5. Answer: (b)%

6. Answer: (c) 2 square units
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7. Answer: (b)0<0< %

8. Answer: (d) 6 = 2?”
9. Answer: (d) 3

10.Answer: (b)%

Very Short Answer:
1. Solution:
(i) Angle-scalar
(ii) Power-scalar
(iii) Density-scalar
(iv) Velocity-vector
(v) Time-scalar.
2. Solution:
(i) a, ¢ and a are collinear vectors.

(ii) @ and € are equal vectors.

(iii) b, ¢ and d are co-initial vectors.

3. Solution:
Sum of the vectors =d + b + ¢
=(i=2] +k)+(=2i+4] +5k)+(—6] —7k)
=(i=2i+D)+(=2j +4] —6])+ (k + 5k — 7k)
=—4j —k.

4. Solution:

Since the vector is directed from P to Q,

~ P is the initial point and Q is the terminal point.
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- Reqd. vector = PQ

—(=i-2j—4R)-(2i +3]+0k)
= (~1=Di4(=2-D JE (40}
=-3i-5j-4k.

5. Solution:

Here

5:-:1:%+23—zic=3%—y3+ic

a
Comparing, A:=3,2=-yi.e.y=-2,~z=1i.e.z=-1.
Hence,x+y+z=3-2-1=0.
6. Solution:

We have :a=2i—j+2k

= A A A
and  p=—j4 j+3k:

=
c=a+b

A A A A A A
=(2i—j+2k) +(—i+ j+3k)

=i+0.j+5k.

Slel=y1R +0° +52
= J1+0+25 =/26.

i —p
A i T
. Reqd. unit vector =¢c =—
_}
lei
M A M M A

_i+0j+5k i+5k

V26 V26

7. Solution:

The given vectors 37 + 2] + 9k and i - 2pj + 3k are parallel
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3 2 _ 9.5 _ 1 _
IfT—T—§[f3—__p—3
o= —&
ifp= 3

8. Solution:

We have :|a+&|=13,
Squaring, (a+b)? =169

- 9 ) -
—|aP+|bP+2a.b =169

g
=(5)"+|b|"+2(0) =169
[+ a and b are perpendicular = ab=0 ]
= [b]> =169 - 25 =144.
Hence, [b] = 12.
9. Solution:

By the question, |d@| = [B] .(1)
Now @ - b = |Ei||5| cos 8

=>% = |al|a| cos 60° [Using (1)]
-§=faf (3

> laf® =9

Hence, |@| = [B| = 3.

10.Solution:
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-~

- %'Iﬁ-6+4fl-3:.’4—8}+k( -2+6)
=-2i+4j+4k
axb|=+I+16+16 = /36=6

rea of the parallelogram = %Ic‘i X b|
(A

) = 3 5q. units.

Short Answer:
1. Solution:

laxbl
1@k

We know that sin 8 =

(F—=2]+3k)x (3 =2]+k)
1§ =2 +3k N3 =2]+k|

-{1)

=sinf=

Now (I —2]+3k)x(3f =2] +k)

i ] k
_|1 -2 3
3 -2 1

= i(=246)= J(1-9) + k(—2+6)

=4 +8] +4k .
o, |4 +8]+4k|= Vi6+64+16
=96 = 46

and |i— 2] +3k] = VI+4+9 = VI3,

13{ =2j+kl= JO+a+1=+14.
We_ 46

.. From(1),sin@= = 4
LT v T T

26

Hence, sinB = —,
: 7

2. Solution:

Position vector of

A
A= =

2(a—3b)—(3a+b) - =
57 —a—"Tb
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3. Solution:

Wehave: G=4i—j+8k,b=—]+k.
i k
axp =4 -1 8
0 -1 1
= i(=148)~ j(4=0)+ k(- 4+0)

= 7i-4) -4k,

laxBl = V(1) +(=4)2 +(- 42
= J49+16+16 = 31 =9.

Hence, the unit vector perpendicular to both a and b

_dxb Ti-4j-4k ). 45 uy
Tlaxkl T 9 "9 97 9

4. Solution:

We have:

a 6:2%+23+I}and3:—%+23+iz
“G4+ b= (23 + 2] +3k) + A(—7 + 27 + k)
= (2-Ni+2+2N)] + (3+Nk.

Now, (a + ,\5) is perpendicular to c,
“(@+Ab)-E=0

> (2-Ni+(2+20)]+(@+Ak). (3% + §)=0

=(2-N)(3)+(2+2A) (1) +(3+A)(0)=0

=>6-3A+2+2\=0
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=>-\+8=0.
Hence, A, = 8.
5. Solution:

Here,&+g=(%+23'—3ic)+(3;j—3+2ic)

=4;j+3—k

—

and g — b= (3 +25 - 3k) - (33 — ]+ 2K)
=23 +35 - 5k.

Now,
G+b.a—b=(4i+j-k)r(2i+3j-5k)
=(4) (-2)+ (1) (3) + (-1) (-5)

=—8+3+5=0.

—

Hence @ + b is perpendicular to @ — b.

6. Solution:

bl =1.

We have : |E]=:IE| =y

——r — —

Let AB = q,BC=bh.
Then, AC = AB+BC =a+b
and D_B'=_D.E AB

=-AD + AB = AB - AD

a-b.
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D C

=i

Ay
™

A

By the question,

— > >

|AB| = |BC| = |AC| =1
= AABC is equilateral, each of its angles being 60°
= «DAB =2 x 60° = 120° and £ADB = 30°.

By Sine Formula,

DB . AB
sin /DAB =~ sin ZADB
DB| _ |AB]
sin 120° sin 30°
- sin120° | —
= |DB| = sin 30° AB|
3z o
= W}(l —‘inﬁ

Hence, |::-5| = 3.

7. Solution:
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Here, a+b+c=0
:(&+E+E]-(E+E+E]=U
_ a-a+a-b+ta-c+b-a+b-b

+b-c+cratc-b+c-c=0
= |E‘2+|5|2+|E|2+2[E~5+E-E+E*E}=ﬂ
= 3245247242 (5-5+5*E+E+E)={}
= 2(a-b+b-c+c a)=—(9+25+49).

- 83

Hen.CC, EE"I‘EC"‘E'E =—E.

8. Solution:

Here, a+b+c=0
=a(&+5+5]-(5+3+5]=ﬂ
_ a-ata-b+a-c+b-a+b-b

+b-ct+c-at+c-b+c-c=0
= [af +[pf +[i +2(a-B+B-2+2-3)=0
= 3245247242 (a-b+b-c+c-a)=0
o 2(a-B4b-i+i-a)=(9425+49)

= - 83

Hence, .-:-I-E_?+E?--:.'+E-E =- s

Long Answer:

1. Solution:

A~

Wehave: @ =44 + 57 — k
b:%-43+5icand
c=3i+j-k

Letcf=x%+y3‘+zl}
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since d is perpendicular to both ¢ and b
d-¢=0andd -b=0
=>(x%+y3+zfc).(3;j+3—fc):0

and (x% + y}' + zlAe) : (:i -43’+53) =0
=3x+y-z=0..(1)

and x- 4y +52=0..(2)

Also,cf- a=71

= (x:i + y}’ + zIAc). (47 + 53 = IAC) =21
= 4x + 5y-z=21...(3)

Multiplying (1) by 5,
15x+5y—5z2=0..(4)

Adding (2) and (4),

16x+y=0..(5)

Subtracting (1) from (3),

X+4y=21..(6)

From (5),

y =-16x...(7)

Putting in (6),

X—64x =21
63x: = 21
Putting in (7),y = —16 (—3) = 1_;5

Puttingin (1), 3 (—3) + 16 _,-0
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z=13/3

Hence d = —%’2 J- 1—133 + 1—33];1
2. Solution:
Let ¥ = ai + bj + ck be the vector.
Sincer 1 q
(1) (@) +(-2) (b) +1(c) = 0
=>a—-2b+c=0
Again, p , ¢ and 7 and coplanar,
# [P g Fl=0

1 1 1
=11 =2 1/=0
a b c

= (1) (-2c=b)—=(1)(c—a)+(1)(b+2a)=0
= -2c-b-c+a+b+2a=0

=3a-3c=0

=>a-c-0

Solving (1) and (2),
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a N b __c
2—0 1+1 0+2
.
= 3 = gTg
a B €
e $ = L7q"
;o= 1i+1]+1k.
~IFI= 3.
& i+j+ik

. Unit vector 7 =

171~ 3

Hence, the required vector = S\E r

=5J§[‘+J+k]=5{f‘+}+fj_

NG

3. Solution:

1]

Note: If ‘@’ is the angle between AB and CD,

then 6 is also the angle between AB and CD .

o
Now A B = Position vector of B — Position vector of A

=@ +5))-(+j+k)=i+4]—k.

~ ARl = ()2 + (@) + (=12 =342 .
Similarly, CD =—2i -8 + 2k
and Iﬁl=fhf§.

AB-CD

Thus cos 0 = —————
|ABIICDI

_I(=2)+4(=8)+(-1)(2) _ -36

=-1.
(3v2)(6+/2) 36

— —
Since 0 €6 <1, it follows that 6 = 1. This shows that AB and CD are collinear.

- —
Alternatively, AB = —<CD which implies

DO | =
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that AB and Cﬁ are collinear vectors.

4. Solution:

== = = -

Since a+b+c =0,

where ‘9’ is the angle between aand b
= (3)2+(5)2+2(3)(5) cos B8 =(7)2

=9+ 25+30cos 6 =49

$30cose=49—34$cose=%
=0 =60°.
Hence, the angle between @ and b is 60°.

Case Study Answers:
1. Answer:
i. (b) 4i + 105

Solution:

Here, (4, 10) are the coordinates of A.

. P.Vof A =4i+10j
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ii. (¢) 9i + 7j

Solution:

Here, (9, 7) are the coordinates of B.
. PVofB=9i+7j
iii. (b) —Bj
Solution:
Here, V. of A = 41 + IOj and P.V. of
C=4i+2j
S AC=(4-4)i+(2-10)] =-8]

, i 2] 3k
Iv. (a) \/ﬁ + \/ﬁ + \/ﬁ

Solution:

Here,;&=i+25+3f(

JAl=VE+ 2+ E =yI+d79=y14

DK = A i+2j+3k
.- . IAI \/ﬁ

A

k

_ 1%, 2%, 3
=vm T ml Tt
v.(d) 10

Solution:

We have, A = 41 + 3] and B = 31 + 4]
A= V& +37=/16+9=v25=5
And|1§|=\/m=\/9-l-—16 v =B
Thus, |A| + |B| = 5 + 5 = 10.
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2. Answer :

i.(a)2i+3j+6f<

Solution:

5 8 g ~ - 5 2
a=1+4j+2k, b=31i-3) —2k
and € = 21 + 2j + 6k

. A+b+¢=2i+3j+6k

e AB4+BC—=CA —0

Solution:

Using triangle law of addition in &ABC,

we get AB - BC — CA = 0 which can be rewritten as,

AB4+BC _CA —=06AB —CB 4 CA =0

iii. (€) % v/ 1937sq. units

Solution:

We have, A(1 ,4, 2), B(3, -3, -2) and C(-2, 2, 6)

Nﬂw,ﬁzg—azzi—?j—'ﬂﬁi

ad AQ =6 —8=-3i - 2] + 1k
i § k

~ABx AR =lg i A
3 -2 4

= 1(—28 — 8) — J(8 — 12) + k(—4 — 21)
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— —361 +4) — 25k

ow, [AB x AC| = 1/(~36)2 + 4 + (~25)’

= /1296 + 16 4 625 = 4/1937
. area of AABC = %|E bl E|
__ 1 P
= 5/1937sq. units.

v (d) 0
Solution:

If the given points lie on the straight line,

then the points will be collinear and so area of NABC = 0.
=|laxb+bxc+cxal=0
*¥f Ei, b, E are the position vectars of the three vertices

A, Band C of &ABC, then area of triangie

Solution:
Here, [a] = v/22 + 32+ 6% = /4 + 6+ 36
=49 =7

.". Unit vector in the direction of vector 5. is

2i+3j+6k

a = =

° 61

~1|ew

i+

~1|to



