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Figure 4.3: The unit step or Heaviside function

4.4.3 The Unit Ramp

If we integrate the unit step, we arrive at the unit ramp

f (t) =
∫

1(t)dt =
{

0, t < 0
t, t ≥ 0

. (4.13)

Like the impulse and step functions, the ramp function is zero until initial time
after which it rises at a constant rate. It is referred to as the unit ramp because it
has a slope of one. A general ramp function is basically the same but has some
slope other than one. The ramp function is a piecewise continuous function. That
is, it is composed of pieces that individually have continuous differentials,

d
dt

f (t) =
{

d0/dt = 0, t < 0
dt/dt = 1, t ≥ 0

= 1(t) .

As illustrated above, the derivative of the unit ramp function is the unit step func-
tion.

Ramp functions are used to represent linearly-varying inputs. They are also
commonly used to assess how well a system can track an input. Tracking prob-
lems, unlike set point problems, are one where a system is expected to closely
follow a specified input over a duration of time. At steady-state, the system output
is expected to track with minimal error the linearly-varying input. Unlike the im-
pulse and step functions, the ramp function is commonly used to assess steady-state
behavior and not transient characteristics.

4.5 State-Space Simulations using MATLAB

As indicated in Table 4.1, MATLAB™ includes a series of commands that can be
used to numerically simulate basic responses such as the impulse, step, and ramp
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