






MATH 173 TOPICAL COURSE OUTLINE

I. Vectors

A. Vectors, operations, and applications  (9-11 hours)
1. addition, subtraction, scalar multiplication
2. dot product and projections
3. cross product
4. lines and planes in space

B. Vector-valued functions (9-11 hours)
1. space curves and parametric equations
2. limits, derivatives, and integrals of vector-valued functions
3. projectile motion
4. tangent and normal vectors
5. arc length and curvature

II. Functions of Several Variables

A. Cylindrical and spherical coordinates (1-2 hours)
B. Quadric surfaces, graphs, level curves/surfaces (2-3 hours)
C. Limits and continuity (1-2 hours)
D. Differentiation (6-8 hours)

1. partial derivatives
2. differentials
3. linearizations
4. directional derivatives
5. gradient vectors
6. tangent planes and normal lines

E. Optimization (5-7 hours)
1. second partials test
2. Lagrange multipliers
3. applications

F. Taylor's Theorem for two-variable functions (optional)

III. Multiple Integrals
A. Double and triple integrals in rectangular coordinates (4-6 hours)
B. Double and triple integrals in polar/cylindrical/spherical coordinates (3-4 hours)
C. Applications of multiple integrals (3-4 hours)
D. Change of variables and Jacobians (1-2 hours)

IV. Vector Calculus
A. Vector fields (2-3 hours)
B. Line integrals (2-3 hours)
C. Green's Theorem (1-2 hours)
D. Applications of line integrals (1-2 hours)
E. Parametric surfaces and surface integrals (optional)
F. Divergence theorem, Stokes's Theorem (optional)



Math 173—Calculus III
Detailed course objectives

I. Constant Vectors

1. Find the component form of a vector given an initial and terminal point.

2. Find the magnitude of a vector and normalize vectors.

3. Find a vector with a given direction and magnitude.

4. Perform the operations of addition, subtraction, scalar multiplication, dot products, and cross
products on vectors.

5. Determine if vectors are parallel or perpendicular (orthogonal).

6. Find the angle between two vectors.

7. Find the projection of one vector onto another.

8. Find a vector orthogonal to two given vectors.

9. Find a set of parametric equations for a line in space. Get a direction vector from a set of
parametric equations for a line.

10. Given three points or a point and a normal vector, find an equation for a plane. Given an
equation of a plane, find points and a normal vector.

11. Solve application problems involving vectors.

II. Vector-Valued Functions

1. Find the domain and sketch the graph of a vector-valued function.

2. Perform operations on vector-valued functions, e.g. find limits, differentiate, integrate,
antidifferentiate, etc.

3. Given a position, velocity, or acceleration vector, find the other vectors. Solve projectile
motion problems.

4. Find the unit tangent vector and the principal unit normal vector.

5. Find the arc length of a space curve.

6. Find the curvature of a curve at a point.

III. Functions of Several Variables

1. Find the domain and range of a multi-variable function.

2. Find limits of multi-variable functions. You may need to use algebraic techniques such as
factoring, multiplying by the conjugate, etc. You may need to convert to polar coordinates.

3. Use the two-path test to show that a limit does not exist.

4. Find partial derivatives and mixed partial derivatives of all orders.

5. Use the chain rule for functions of several variables.
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6. Find the gradient vector for a multi-variable function.

7. Use the gradient vector to find directional derivatives and directions of maximum increase
and decrease.

8. Use the gradient vector to find tangent planes and normal lines.

9. Use the second partials test to find relative extrema for a two-variable function.

10. Use Lagrange multipliers to solve a constrained optimization problem.

IV. Multiple Integration

1. Evaluate iterated integrals.

2. Sketch the region of integration and reverse the order of integration for double integrals.

3. Set up and evaluate double integrals in rectangular and polar coordinates.

4. Find the area of a plane region, find the center of mass of a thin plate, find the average value
of a two-variable function.

5. Be familiar with common surfaces in space, e.g. spheres, paraboloids, cones, planes, cylinders,
etc.

6. Set up and evaluate triple integrals in rectangular, cylindrical, and spherical coordinates.

7. Find the volume of a space region, find the center of mass of a solid, find the average value
of a three-variable function.

8. Compute the Jacobian and use it to change variables in a double integral.

V. Line Integrals

1. Sketch a vector field.

2. Determine if a vector field is conservative.

3. Evaluate line integrals.

4. Find the scalar potential function for a conservative vector field.

5. Use the potential function to evaluate the line integral of a conservative field.

6. Use Green’s theorem to evaluate a 2D line integral.

7. Use a line integral to compute work.
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