Multivariative calculus
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Vector Differential Operator

The vector differential operator denoted by V called del or nabla
is defined as
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Note:-

V is like a vector and@nare known as its components

along i,j and k respectively.
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Gradient

Let / be a scalar point function, then gradient of f is denoted by
Vf and is defined as
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Note:-

f be a scalar point function but Vf gives a vector.
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Results:-

1.V(f+g9)=Vf+ Vg
2.V(f—g)=Vf—-Vg

3. If f is constant function, then|Vf
4.V(f.g9) = fVg + gVf
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6. If r = |7|, where 7 = xi + yj + zk, then|Vr™ = nr" %7
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Example-1
If f(x,y,2) = x*y + y*x + z2, then find Vf at the point (1,2,3).
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# velocity
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Level surface

Suppose ¢(x,y, z) is a scalar field over the region R, then the points
satisfying an equation of the type|¢(x,y,z) = c|represent a level
surface.
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Where @is an arbitrary constant, represent a family of level

surfaces.
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Directional Derivatives of a scalar Point Function
Let ¢(x,v,z) be a scalar field in regionR.
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Suppose P(x,y,z) is a pointin theregion Rand Q(x + éx,y + 8y, z +
dz) in another point in the neighbourhood of Point P in the
direction of a given unit vector qa.
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$(Q)—¢(P)
PQ '
of ¢ at P in the direction of a.
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if it exists, is called the directional derivative
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Geometrical Interpretation of Directional

Derivatives
Let PQ = 6s|be the small element in the direction of unit vector a.
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distance in the direction of a.
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Thus if Q — P, then|lim,_, 2 =22

of change of ¢ with respect to distance at a point in the direction
of a.
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Results:-
1. The directional derivative of a scalar point function ¢ at a point
P(x,y,z) in the direction of vector q is given by V¢.a
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2. Maximum value of directional derivative occurs in the direction
of grad ¢ and which is given by||grad ¢|.
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Equation of Tangent Plane

If be the equation of level surface, then equation of

tangent plane at a point P(x, y, z) is given by
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Equation of Normal
If ¢(x,y,z) = c be the equation of level surface, then equation of
Normal at a point P(x, y, z) is given by
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Angle of intersection Between two Surfaces

The angle of intersection between two surfaces is the angle between the
normals to the surfaces at the point of intersection.
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If two surfaces ¢, (x,y,z) and ¢,(x, v, z) intersect at an angle 6, then 6 is the
angle between V¢, and V¢, at the point of intersection and which is given by
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