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VELTIAS
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Scalar Quantityr| ' VS
All those q'JaTLiti ps| which! reauiies only magnitude for complete description are called
sealer gt Jan‘rlt €s € g-tme, density, temperature and length etc.

_/e(tﬂ' lianiy:

' All those quantities which requires magnitude as well as direction for their complete
description are called vector quantities e.g. weight, force, momentum, displacement,
velocity etc.

Geometric Interpretation of Vector:

Geometrically, a vector is represented by a directed line segment AB with A its initial
point and B its terminal point.
Magnitude of a Vector:

The magnitude or length or norm of vector AB is its absolute value and is written as
78]
Unit Vector:

A unit vector \z(read as Vv hat) of a given vector vis a vector with magnitude one and
direction same as vectorv. Mathematically

Unit Vector= - Vector
Magnitude of Vector
.~V
e V==
v

Null Vector: .

A vector whose terminal point coincides with its initial pomt |s calle malbar zerq

vector. ] VL = NN A
Negative of a Vector: . J L e '

Two vectors_u and vare cclled .1eglt| ln of eacn O'[l"‘1 |F h:y nave cgme magnitude but

opposne,Jrre«t'” j -

Multiplicatior o ¢ \,er‘tor riby & scclaf gmumber)

. I‘m t/plit: av(n 'nf alvector v by a scalar 'n'is a vector whose magnitude is n times that

WY | of e Ty

(1 If nis positive, then v and nv are in the same direction.
(i) If n is negative, then v and nv are in opposite directions.
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Unit— 7 Vectors

Equal Vectors: / -
Two vectors u and v are called equal vectors, if they have same magnitude = ™~} '

14,

and same direction. - v 7 3 ) AT
Parallel Vectors: ) ) ! AN
Two vectors uand v are Lar 1IIP }. an( oﬂ /i he_\/"a}rb'w_dw-",:c—i"o .Qp;.{lar multiple of each
otherle Y T \ = =

‘1_ /Lv /x,;ti)

- J A -: . 1f TR Jectors u and v are represented by the two sides AB and BC of a triangle such
N that the terminal point of u coincide with the initial point of v, then the third side AC of
the triangle gives vector sum U +V, that is

AB+BC=AC

=  u+v=AC

Parallelogram Law of Addition:
If two vector u and v are represented by two adjacent sides AB and AC of a
parallelogram as shown in the figure, then diagonal AD give the sum or resultant
of AB and AC, that is E:E+A—C:g+\_/
D

f,?ii_ AB+ AC
o
Subtraction of two vectors: - NN [ 7o o=
Let u and v are non-zero vector Lhen suhlrad ow cf 1 ar d u |s '1ef ned-as the addition
of u and -, i.e. u+( )—u v BRAN -

&

a1 ad "
el U T R \ H"\- \ ¢ :'f.+(—\ ) "=
| | B

i L 5 & .l 1

1 ' LT 1 1

- .\
! s --_ '._-'. |
ININUNA

&
< \ v

Position Vector:
A vector which describes the location of a point w.r.t origin is called position vector.
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The vector, whose initial point is the origin O and whose terminal point P is called the position
vector of the point P and is written as OP

Vectors

14,

& _”I

/

1‘ . N (9,
L

L “] > x

._&,IJ_ 1ia Plare:

.| CetR be a set of real numbers. The Cartesian plane is defined to be the
:{(x, y)ixye R}.

The Unit Vectors i, j:

1and iare called unit vectors along x-axis and y-axis respectively.
They are written as

i=[10], j=[01] : P(x.5)
[ ]=y(WF +(0) =1 N ¢
| §]=y(0) +(2) =1 of ¢

A vector v can be written as
v=[xy]=[x0]+[0,y] =x[L0]+ y[0.1] = xi + ]
Similarly, sum of two vectors u and v can be written as
H:[Xv yl]’ \_/:[Xw yz]

H+\_/=[X1+X21y1+y2]:(X1+X2)l+(yl+y2)i 4
The Ratio Formula: /\" o
Let Aand Bare two points whose position vectors are a and _ &7~ AR xl %
b respectively. If a point P divides AB |h the ratlo D 0 uml '-xu { ;ﬁf’—/’r’ &—‘q
the position vector of P is quvenbf D ATV VA ///”
[ qa+ pb 1 - ._I \ i _:’ ..-.. - ) C'.I Q B
(‘(.j:_.'._l \ I.-a._.-'”- — ‘x \
Proof: A1RIRR A
leen “a and b ae ro ition vectors of the points AandB
[es; lelcu{/'w et rbe the position vector of the point P which a Fimegi
d|V|des the line segment AB in the ratio p:qg. Thatis
MAP:mPB=p:q ) ,_' P
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Unit— 7 Vectors

S0
mAP _p ¢
mPB g _ |
= q(mﬁ) = p(mﬁ) 4 g
Thus q;(__Ai‘) — p[B3) 4

N\ Gr 48 = pb— pr

NS prvar=phga
= r(p+q)=0ga+pb 0 g =
N il e
q+p
Corollary:

If P is the midpoint of AB, then p:q=1:1
:g—_'-Q
2

- Position vector of P =

Vectors in Space:

The set R*={(x,y,2):x,y.2 R} is called the 3-dimensional space.

Q) Position Vector
The position vector of a point P(X, Y, z)in space, from the origin O(0,0,0)is

— Z
OP =xi +yj+zk Play.)
The magnitude of OP is the distance of point P \/ I
from the origin, i.e. — N 2OV
|OP|:\/x2+y2+z2 /'/’ 7’ , )

(i) Theunitvectors i, j,k 7\ = /7 0L ) |

1, janax are calleri L}-&.u »,ertc 5 "I\19 g,v ;’Z wxes .espectlvely They are written as:
| ™
[100J \E! [m o] |\ k=16,01]
(R Nf JL Jie .7"4+(0) -1

J T =0 -1
| k| =0+ (07 +@) =1
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Unit— 7 Vectors

.(iii)

(iv)

(i)
(i)

Important Result:

Proof:

A vector V can be written as:

v=[xy,2]=[x,0,0]+[0,y,0]+[0,0,z]
=x[10.0]+[o, 1o]+zro 04)("
=Xi +Yj +k —y
Similariy ‘sUln of hoVectars d and V! car.i .t_fe Viritien as: .
| ':[X )J’ 1J VY02
NI y:f 1Tx2,y1+y2,zl+22]
:(x1+x2)1+(y1+yz)i+(zl+zz)g
Distance between two points in space:
The distance between two points A(X;, ¥;,Z )and B(X,,Y,,Z,)in space is given by:

Al 2 2 2
A8 =0 %)+ (v ) +(2-2)
Direction Angles and Direction Cosines of a vector:
Let r = OP = Xi+yj+zk be anon-zero vector, let a, 8 and y denote the angles formed

between r and the unit coordinate vector 11 and Kk respectively, such that 0<a <,
0<p<rmand0<y<r.

The angles «, S,y are called the direction angles.
The numbers cose,cos  andcosy are called
direction cosines.

Prove that
cos® ar +cos’ f+cos’ y =1

Let  r=[xy,z]=xi+yj+zk

r [xvyz :
Then —=-= L X = 1 is the, umt \'eotv)r n *ht dlre(‘ !9.1 oT the veu[or r —OP. It can be
L

'___i:: i) I--'\-\.-.. v} . ‘x\

V|suaI|z=d tha thc? rmmle L,HP IS a rlght triangle with £ZA=90°. Therefore in right

T, 1|r mulp OAr

T OA X
COSQY = —=—,
OP r

Similarly
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Unit— 7 Vectors

z
cos,B:X, CoOSy =— — 1 )
r r ~ -~ PV
X y - 7 ] l % 1N ._.-. i (! A
The numbers cosa=—, cosf== and (clsy =-~ae Called the | [ &
r r 1R | -

direction cosines of OP .| |

LAV LT S VA YA R
. COSTaH| COS; £ CCS | y = —
AT L = G
Py 2 1 |J

The Scalar Product of two Vectors:
Definition: 1
The scalar or dot product of two vectors Uand V in a plane or in space is

u.v =|u||v|cosé
where @ is the angle between uandvand 0<@<r.

The unit vectors i, j,k:

@ i.i=[i][i]cos0’=(1)(1)(1)=1 as cosO=1

=)
J-J=|i|[i|cos0° = (0)(1)(1) =1 X
k. k=] l|cos0° = (1)(1)(1) =1 '
(b) i.j=li]|j|cos90° =(1)(1)(0)=0 ascos90° =0
j-k=|i[[k| cos90° = (1)(1)(0) =0
k.i=]|k||i] cos90° =(1)(1)(0)=0
(c) uv=v.u (Dot product of two vectors is commutative)
Definition: 2 B A~ .&_,l:-,". B\
(@) If u=ai+bj and v=a,i+bsjare tng vestars|in & plaliesthier. the detproduct of
wd S T] (i N

(] S ean (] ad (i) +(b) (i)
N [N J NN L, (1)+ab,(0)+ab (0)+bb, (1)
- uy=aa, +hb,

1
|
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Vectors

(b) If u=ai+bj+ck and v=a,i +b,j+ck are two vectors in space then the dot

product of uand v is
Uy = (i +0j+k)(a,0 +b,j+k)

=33, (i.l)+alb(| J)+aC 'l‘\'-db( ) .

+bb, (14 )+n2\, y+%lfk )ftc(k,}+cc(K£)
=az ( ab) (0)+aﬂ(2\u,+a2bl( )+bb, (1)
e, (O azcl( )+b,6,(0)+¢c, (1)

uv=aa, +hb, +cg,
Perpendicular (Orthogonal) Vectors:
If two vectors Uand V are perpendicular, then

uy =|u] [v|cos 90° =|ul|v| (0)
uv=0

Angle between two vectors:
The angles between two vectors U and V is

(@) u.v=|u||v|cos@

(b) If u=ai +le +ck
a1_+b2i+czg

V=
uv=aa,+hb, +cgc,
lu[=

Jad+bi+ct |y =ya+bl+c?

a1a2 + ble + C1C2
\/af +b’ +c? \[azz +bZ +c?
Projection of one vector upon another vector:

. cosf=

Let u= OAand V= OB and & be the angle bet\ eerl the_n \i\here O<49<7w

__'l

Draw BM J_OA Then OI/I S(‘""m h3 r.L|e uou Cf W alnn1 Y 'n right trlangle OMB

-\". . ’)M '\-\,- k!

casd'= ———x. am

93 \ \ \
=1 0m =08 cc_sO.-: -

o[ NN DN coso (i)

Also cos6) = —V (ii)

putting (ii) in (|)
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which is called the “Determinant formula” for uxv .

Vectors
CW—M uy
Ju/lv] ¢
_uy ' .
Jul ! g
uf|vjcoséd .
~ !;".".'... = CosE |
\ .|ﬂ| Y _- [
. R
i.e. r**OJtctcnm v aor‘g u—ﬁ=|V| cos @
J I"- \ -b i ariy.
' ' Projection of u along V_ﬁ |u|cos @
The Cross Product or Vectors Product of Two Vector: ‘; \ !
Q) Definition 1:
The vector or cross product of two vectors u and v in space is ‘
uxv=|ul|v/sinon ‘
where @ is the angle between uand vand 0<@<zx. nis a unit l' s
vector perpendicular to the plane of u and v with direction given by )
the “right hand rule” stated below:
“If the fingers of right hand are curled in a direction from U towards u
v, then the thumb will point in the direction of nwhich is uxv. It
is important to note that uxv #vxu, rather Uxv =—(vxU).
(i) The Unit Vectors i, j,k:
(@  ixi=|i||i]sin0°n=(1)(1)(0)n=0 - sin0°=
in:m u‘smo" n=(1)(1)(0)n=0
kxk =|k|[k|sin0° n=(1)(1)(0)n=0
() ixj=]i||j|sin90° k=(1)(1)(1)k =k sin90° =1 AN (T
- % - . o & ¥ '-\._:":-"
ixk=[iflksin90” i = (@)D Li| — | (En
Ko = sino0f Joigfiey || "
Definition 2: /™ | __—_ ! '“'x \ | A Rl
If u=2n +bl' Lckand v 32 +C, kare two vectors in space, then cross
- T I o . ! J K
— L | I.'.I % L . -
\ J [N I'l ' nloguctof uand vis: uxv=la b ¢
MACE a, b, c
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Unit-7 Vectors
Parallel Vectors:
If two vectors U and v are parallel, then _
uxy =[ul|v|sin0° n=|u[|v|(0) n [ (o
i L
uxv=>0 = A
Angle between twe Vectors: | | )
The amlc 9 nnwenn *v\o /uctf‘rs 4 md Y ig”
UxXyv = ;_L_I-l |\_/. sin 0°ln n -
OB et =
[ ==l sing
Juxv|=[ulJv|sin®
o Juxy
sind =
Jullv
Area of Parallelogram:
Area of Parallelogram = Basex Height
:|Q| MSInH ;11=|£|Sinﬂ
Area of Parallelogram = |uxV| _
- oy
Area of a Triangle: g “
From the figure, it is clear Area of triangle
. 1
Area of Triangle = = (Area of Parallelogram) -
5 v
)
=§|u xV| where U and V are
>

vectors along to adjacent sides of triangle.

Scalar Triple Product:

For any three vectors u, v and w, the dot product of one vector Wlth & &as r‘roiuc'r r = (

remaining two vectors is called “Scalar Tri le PI’Odl et | of

b
:l( zbs) (8203—0233)+K(a2b3—b283)

ctm:; li.,y c._nc_. w "L 5

r"

written as: A N RR |
u.(vxw) ~ VU AN g g
If u:f.{; --blj—lt i 3 +x2£\ cka hd-.v_;/:a31+b3i+csg then
o] N e
I '-J | '*._\_xv_\/ a, b2 c,
a3 3 C3
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u(vxw)=(ai +b j+ek). [ (Be; ~eb,) i —(ac, —c2,)  +(ab, ~ba, )k |
:a1(b203_02b3)_b1(a'zcs_Czas)fQ(aQbs_pzaﬂ_)--- y _- ..._'IE,' ;.

& b ¢
'a2 b2 CZ

u.(vxw)=
) A Cslf

It is imporiant to noi,g tnat

g =V Wxu ) = L (Uxy)

| J | “The'Volume of the Parallelepiped:

The Scalar triple product i.e. U. (\_/XV_V) is volume of a parallelepiped. Hence it is a

scalar.
The VVolume of Tetrahedron:

[EEN

The volume of Tetrahedron == u.(vxw)

(o)

The properties of Scalar Triple Product:
Q) If u,v and w are coplanar then the volume of the parallelepiped is zero that is

(uxv)w=0
(i) If any two vector of scalar triple product are equal, then its values is zero i.e
[uvv]=0

Work done by a Force:

If a constant Force F acts on a body, at an angle é to the direction

of motion, then work done byl_f is define to the product of the F

component of F in the, direction of the displacement and the _ -

distance that the body moves. o I-' ["_,ﬂ”__f r‘? |

work done = F.d (F coso)d = Fegoso | | 4 (1[0 |\ (920
Moment of a Force (Torque): | | /7" FaR\RCRI\BR=N D 5

The tu‘nmreff&:‘rpfo(‘*!ced byQ&Qe scalldd“‘Torque or 0 P

“Mome! 1t nf that ':urca 1
o Vi rent = Pexpondlcular dlstance between point of application of
> J'I' -.:_'-., h1 | 1'( res and pomt of rotation x Force applied.

Moment of F about O =OP x F

=rxF
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