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Product of vectors

● Dot product in cartesian oordinate system:

● Example: 
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Product of vectors

● Cross product in cartesian oordinate system:
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Cross product

●

● Example:

= + +

= î(a y bz−az by ) + ĵ (az bx−ax bz) + k̂ (axb y−a ybx )
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Gradient, Divergence, Curl in Cartesian coordinate

●   is a vector differential operator that operates on scalar or vector 

● Del operator in Cartesian coordinate system:

● Gradient:  Del operating on a scalar f gives a vector.

● Divergence: Del operating on a vector through dot product gives a scalar. 

● Curl: Del operating on a vector through cross product gives a vector. 

∇⃗
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● The gradient is always pointing in the direction of the function’s steepest increase.

Proof: If I take a unit vector w and dot product with gradient:

will be maximum when θ will be 0. So gradient gives the direction of maximum change.

● The gradient is perpendicular to the surface with constant f(x,y,z) (called “level surface”)

Proof:

● The gradient’s strength indicates how quickly the function is changing in that direction.

● When the gradient is zero, a critical point (the maximum, minimum, or saddle point) is present.

Gradient: Physical meaning

∇⃗ f . ŵ=|∇⃗ f|cosθ
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Gradient: Example I
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Gradient: Example II
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Formulae in different coordinate system
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Divergence: Physical meaning

● Divergence measures the tendency of a vector field to disperse or collect at 
a point. It is a local measure of its "outgoingness".
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Divergence: Example

● Outgoing: div A>0

● Incoming: div A <0
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Curl: Physical meaning

● Curl is an operation, which when applied to a vector field, quantifies the 
circulation.
 The magnitude of the curl measures how much the vector field is swirling, 
the direction indicates the axis around which it tends to swirl. 
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Curl: Example

● Let’s take a vector A:
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Curl: Example

● Let’s take a vector A:


