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TOPIC: 3.1 — INTRODUCTION TO FUNCTIONS OF SEVERAL VARIABLES

Functions of several variables are mathematical expressions where the output depends on two or

more independent input variables. These functions are commaonly encountered in various fields like

engineering, physics, and economics.

Definition
A function of several variables is written as f(xy, z9, ..., z,), where:
® I),T9,..., I, are the independent variables (inputs),

e fis the rule or formula that assigns a unique output y to each valid combination of the inputs.

For example:
e flz,y) = x? + y?' (a function of two variables),

e g(z,y,2) = x + y + 2* (a function of three variables).

Domain

The domain of a function of several variables is the set of all input values [:L“l, T9,...,T,) for which

the function is defined. For example:
e The domain of f(z,y) = /22 + y?isall (z,y) € R?,

e The domain of g(z,y) = \/y — 2 isa® < u.

Range

The range is the set of all possible outputs of the function.
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APPLICATIONS

1. Structural Engineering

» Stress and Strain Analysis:

e Stress (o(x,y, z)) and strain (e(z, y, 2)) at a point in a material depend on spatial

coordinates.
* Used to analyze beams, bridges, and building materials under various loads.

s Deflection of Beams:

« Beam deflection is a function of position and loading conditions, u(z, y).

2. Thermodynamics and Heat Transfer

e Temperature Distribution:

» T(z,y,z,t): Temperature depends on spatial coordinates and time.
e Applications in cooling systems, heat exchangers, and thermal analysis of machinery.

¢ Heat Equation:

¢ Models heat conduction: % — aV2T, where a is the thermal diffusivity.
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3. Fluid Mechanics
* Velocity Fields:
o Velocity of a fluid, ¥(z, y, 2,t) = (u, v, w), depends on space and time.
* Used in the design of pipelines, turbines, and aerodynamics.
s Pressure Distribution:
» P(x,y, z): Pressure variations within a fluid flow are critical in designing hydraulic systems.

e Navier-Stokes Equations:

e Describe fluid motion in terms of velocity and pressure.

4. Electrical Engineering

* Electromagnetic Fields:

e Electric field E(.E, Yy, z, t) and magnetic field ﬁ[.ﬁ, Yy, z,t) vary with spatial and temporal

coordinates.
e Applications in antenna design, wireless communication, and circuit analysis.

* Signal Processing:

e Multi-dimensional signals, f(x,y,t), model image processing and sound analysis.
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5. Mechanical Engineering

* Kinematics of Machines:

* Position, velocity, and acceleration of machine components as functions of time and spatial
variables, e.g., x(t), y(t), z(t).

* Vibration Analysis:

» Natural frequencies and mode shapes depend on parameters like mass, stiffness, and

damping.
* Thermal Stress:

* Combines thermal and structural analysis, o (T, &, y, z).

6. Civil Engineering
e Soil Mechanics:
 Stress and displacement in soil under load, o (i, y, z) and u(zx, y, z).
e Hydrology:
» Modeling groundwater flow, h(x,y, z,t), where h is the hydraulic head.

e Transportation Engineering:

» Traffic density as a function of time and location, p(z, y, t).
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