TITLE:  Lines and Planes in 3D: Vector Products and Their Applications in Spatial Analysis

1. Introduction: Why 3D geometry matters in Land Resources Management (2 minutes)
• Real-world landscapes are 3-dimensional: slopes, terrain orientation, water flow, vegetation structure.
• Lines and planes provide mathematical models for terrain surfaces, geological layers, and infrastructure alignment.
• Motivation for vector-based calculations used in GIS, surveying, and environmental modelling.

2. Representing points, lines, and planes in 3D using vectors (4 minutes)
Points as vectors
• A point in R^3 as a position vector.

Lines in 3D
• Parametric form: r(t) = r0 + t·v.
• Geometric meaning of direction vector and parameters.

Planes in 3D
• Vector form: (r – r0) · n = 0.
• Normal vector and its importance in terrain modelling.

Different equation types for lines and planes
Different equation types for lines in R^3:
• Parametric form: r(t) = r0 + t·v
• Symmetric form: (x − x0)/a = (y − y0)/b = (z − z0)/c
• Vector direction form: (x,y,z) = (x0,y0,z0) + t(a,b,c)

Different equation types for planes in R^3:
• Cartesian form: Ax + By + Cz + D = 0
• Vector form: (r − r0) · n = 0
• Parametric form: r(s,t) = r0 + s·u + t·v
• Normal form: x cos α + y cos β + z cos γ = p

3. Dot (scalar) product and its geometric meaning (3 minutes)
• Definition: a · b = |a||b| cos θ.
• Computing angles using cosine.
• Applications: slope comparisons, orthogonality checks, projections.

4. Cross (vector) product and perpendicular vectors (3 minutes)
• Definition: a × b gives a perpendicular vector.
• Magnitude: |a × b| = |a||b| sin θ.
• Applications: computing normal vectors, slope aspect, plane intersections.

5. Scalar triple product and volumes in 3D (3 minutes)
• Definition: [a, b, c] = a · (b × c).
• Interpretation: signed volume.
• Applications: soil volume estimation, coplanarity checks, orientation rules.

6. Using vector products to solve geometric problems in R^3 (3 minutes)
• Distance from point to plane.
• Angle between line and plane.
• Line–plane intersection.
• Area of triangle using cross product.

7. Summary (1 minute)
• 3D geometry is essential for terrain modelling.
• Vector products connect algebra, geometry, and trigonometry.
• Useful for GIS, surveying, environmental analysis.
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