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Define independent variables.

| u={&, n};

Define three-dimensional surface.
| r={§1n1 §2‘772]';
Plot three-dimensional surface.

| ParametricPlot3D[r, {&, -1, 1}, {n, -1, 1}1;
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Evaluate covariant base vectors.

| g = {Ourr113 r> Ourr2y; '}

| {{1, 0, 2¢}, {0, 1, -2n}}
Determine covariant metric tensor components.

G=Table[g[[#]]-9[[J1], {i, 1,2}, {J,1,2}] //FullSimplify;
MatrixForm[G]

1+48& -4n¢
-4né& 1+4n?

Evaluate contravariant metric tensor components.

Gu = Inverse[G] // FullSimplify;
MatrixForm[Gu]

14 12 aneg
1+4n2+4 €2 1+4n2+4 €2
4né 1+4§2

1+4n2+4 £2 1+4n2+4 £2

Determine the contravariant metric tensor components.

gu = Table[Sum[Gu[[i, J119[[d1], (J- 1, 2}], {1, 1, 2}] // FullSimplify

1+4n2+462° 1+4n2+4&2° 1+4n2+4¢2/0”
1+4n2+4&82° 1+4n2+4&82° 1+4n2+4¢&2

Verify contravariant and covariant basis vectors.

Table[g[[1]1]-gul[[J1], {i, 1,2}, {3, 1, 2}] // FullSimplify //
MatrixForm

(0 1)

Evaluate surface normal.
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"< Cross[g[[1]1, g9[[2]]]

- /7 FullSimplify
VCross[g[[111, g[[2]]1]1-Cross[g[[1]1], 9[[2]]]

NI+4n2+462 7 \[1+4n2+462° \J1+4n2+4¢&2

Evaluate Christoffel symbols.

Tla_, B_, A_1 == (Burrp1; 9[[al]l) -Qu[[A]];
Table[{a, B’ )', I‘[a, B, 'A']}, {a’ 1, 2}, {B’ 1, 2}, {'Z', 1, 2}]

4 4
{{{{1’ 1.1, 1+4772+4§2}’ {1’ 1.2, *1+4,72n+4§2}}’
{{1, 2,1, 0}, {1, 2,2, 0}}}, {{{2, 1,1, 0}, {2,1, 2, 0}},
4¢ 4n
{{2, 2,1, —W}, {2,2,2, W}}}}

Determine curvature tensor components.

B =Table[- (Bu(p; N) -9[[al]l, {a, 1, 2}, {B, 1, 2}];
MatrixForm[B] // FullSimplify

-2
\1+4n2+4 £2

0 _ 2

\1+4n2+4 €2

Determine principal curvature (i.e. solve the generalized eigenvalue problem).

| Curvature[a , b_] :=Solve[Evaluate[Det[B-0cG] ==0/. {§~>»a, n-»b}], o]

Evaluate principal curvature at &1 = (0,0).

| Curvature[0, O]

| {{o>-2}, {0->2}}

Evaluate principal curvature at &1 = (1,0).



diffGeom.nb

| Curvature[l, O]

2 2
‘ {{o- *Tg}- {o- W—g}}
Evaluate principal curvature at &1 = (0,1).

| Curvature[O, 1]

2 2
‘ {{Oﬁfﬂ—g}’ {0% V—g}}
Validate result at &, =(0,0).
| (DL (£2-1n?), {€, 2}1, D[ (&% -7n?), {n, 2}1}

| {21 _2}



