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Scalars and Vectors

= The scalars are the quantity whose values may be represented by a real number.

= The mass .density, pressure and volume are the scalar quantity.

= (I the other hand, the vectors are defined by both magnitude and direction in space.
= Force, velocity and acceleration are example of the vectors.




In the figure, the two vectors are shown, A and B.
The vector addition follows the parallelogram law.

The vector addition follows, the commutative law

A+B=B+A

The vector addition follows, the associative law,

A(B+C)=(A+B)+C

For vector subtraction, reversed the sign or direction of the second vector,

A-B=A+(-B)

The vector, when multiplied by a scalar, the magnitude of the vector is changed but the
direction remains same if the scalar is positive real number but if scalar is negative real
number, the direction is reversed.

r(A+B)= rA+rB




The division of the vector by a scalar is nothing but the multiplication of the vector by the
scalar's reciprocal.

Two vectors are said to be equal when their difference is zero.

A-B=0




Cartesian Go-ordinate system
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As shown in figure, Point 'P'(1,2.3) and Point '0'(2-2.1).
S0 the desired vector from point P to O is,

RP0= ro-re= (2-1)ax+(-2-2)ay+(1-3)a: = ax-4ay-2a:

Any vector B in the Cartesian co-ordinate system is given by,
B = Bx Ex"‘By dy +B; a
|t's magnitude is given by,

B| = /B + B} + B:

The unit vectar in the direction ot 5 18,
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The Dot Product

The dot product between two vectors A and B is given by the product of their magnitude and a
smaller cosine angle between them,

A-B=|A||B|cost
The dot product is a scalar.

The dot product obeys the commutative [aw, A-B=B-A

e

WS A =dactAatAa. B=Bac+Ba+Ba.

AB=A.B, + 4B, +4.B.
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AA=A"=|Af

One of the important applications of the dot product is to finding the
component of the vector in a given direction.

As shown in figure, we can obtain the component of B in the
direction specified by the unit vector ‘a’,

B-a=|B||alcosty, = |B|cosbg,

The sign of the component is positive for 0< 65, <90 deg, and sign
IS negative when 90< 85, < 180 deg.



The Gross Product

The cross product of two vector A and B is given by,
A x B=aylA||B|sinf,z

= The cross product is vector.

= The direction of AxB is perpendicular to the plane containing vectors A and B and it is along that
perpedicular which is in the direction of advanced of the right-handed screw as A is turned into B.

=  The magnitude of AxB is the product of magnitude of A, B and sine of angle between A and B.

= The cross product is not commutative,
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A x B =(4,B.— A-B,)a, + (A-B, — A, B-)a, + (4, B, — 4,B,)a.




Cylindrical Goordinate System

= [onsider any point as a intersection of three mutually perpendicular surfaces.

* These surfaces are, circular cylinder (p= constant), a plane (P= constant), and a plane (z=
constant).
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(P1.91:71)

= The unit vector ap at a point P is directed radially outward, normal to the cylindrical surface
p=p!. The unit vector ao is lies normal to the plane @=i, points in the direction of increasin
®, lies in the plane z=z1 and tangent to the cylindrical surface p=pt.



A differential volume element in the cylindrical coordinate system is as shown in figure.

Here dz and dp are dimensionally a length, but d® is not a length, the length element is p <.
The surfaces have area of pdp d®, dp dz and p d® dz.
The volume becomes pdp d® dz.



= The variables of Cartesian coordinate system and cylindrical coordinate are related to each
other as,

* X=pcos®
= Y=psind




A=A,a, + Aya, + A.a;

A=Ay, + Agay + Aa;

A, =A-a, and Ay = A-ay
A,=(Ava, +A4,a,+ A.a.)-a,=A.a,-a,+ A,a,-a,
Ap =(Ava, +A,a,+ A.a.)-ay = Aa,-a,+ Aya, -ay
A:=(Aa + 4,8+ 4.a.) 2, =4a,-2, = 4,

dp iy iy
iy Cos g — SN ¢ 0
i, SITI ¢ COS ¢ 0




spherical Goordinate System




There are three variables in the spherical coordinate system,
r, 0, and ®.
The 'r' defined, the distance from the origin to the point, the surface r= constant is a sphere.

O is the angle between, the /-axis and the line drawn to point from the origin. The surface ©=
constant is a cone, which is a circle of radius r sin ©. The coordinate © corresponds to the angle in
elevation plane (latitude).

The angle @ is the angle between the X-axis and the line drawn in the Z=0 plane. The coordinate &
corresponds to the angle in azimuthpalne (longitude). The surface ®=constant is a plane passing

through ©=0 line.

Any point is the intersection of 3 mutually perpendicular surfaces - a sphere, a cone and a plane.




A differential volume element in the spherical coordinate system is as shown in figure.

Here dr is dimensionally a length, but d© and d® are not a length, the length element are r d©
and r sin © d®.

The surfaces have areaof rdrd® , rsin © dr d® andr sin © dO d®.

The volume becomes r sin © dr dO do. :
/
X=rsinBcos®, Y=rsinOsin®d, [=rcosO
dp dg il g
- SIN A Cos g cos deos ¢ —sIn ¢
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Thank You ‘



