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Mathematical Prerequisites

Some Mathematical prerequisites
Differential equations (0| = 2 Al)
Scalars (scalar is a special case of tensor;)
Vectors (and possibly tensors; actually vector is a special case of tensor)
Coordinate systems (Rectangular, Cylindrical, Spherical)
Gradient of a scalar field (or a vector/tensor field)

Field variable

A field is a physical quantity represented by a number (vector/tensor), that has a (set of)
value(s) for each point in space and time.
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Scalar Gradient; Vector Gradient

FHZO R 2 =
E)}" Hl-oko§0| =N

Heat source (2 &

)

-IP>

= 310

[Tt
0|7t BALH.

3/4/19

dT aT
Temperature gradient: (ax ay)

Temperature gradient itself is a field variable
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= 114 (contour line)
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Differential equations including gradients

oT

dq < — E T: temperature (field variable)
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Flow rule

¢: plastic potential
000 A: plastic multiplier
de = d4 o g: strain

o: stress

Stress and strain are tensors; with multiple ‘independent’ components.
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d&'i = dA a_O'l
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Flow rule




Excel demonstration to get gradients

Using finite difference.

Plastic potential is given as
_ 2 2 2)0-5
$(01,0,,03) = ((01 — 03)° + (03 — 03)° + (03 — 07) )

Say, at point (100, 200, 100) what is the gradient?
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Can you also obtain the analytic solution?



