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Introduction

Understanding the time waveforms of complex functions is essential in signal processing,
communications, and systems analysis. In this question, we are asked to sketch the waveforms of two
functions involving unit step functions, trigonometric functions, and other basic signals. These functions

are:

- Part A: \( F(t) = \cos (\cot [u(t+T) u(t- T \)
- Part B: \( f(t) = A [u(t+3T) - u(t+T) + \delta(t - T) - n(t - 3T)] \)

Let's explore each of these functions carefully, analyze their components, and understand how their

waveforms look over time.



Part A: Sketching \( F(t) = \cos (\cot [u(t+T) u(t - T)]) \)

Understanding the Components

Before sketching, it's important to understand each component of this function:
1. Unit Step Functions \( u(t+T) \) and \( u(t - T) \):

-\ u(+T)\)is O for\(t<-T\)and 1 for \( t\geq -T\).
-\(u(t-T)V)isOfor\(t<T\)and 1 for\(t\geq T\).

2. Product \( u(t+T) u(t - T) \):

- This product equals 1 only when both \( u(t+T) \) and \( u(t - T)\) are 1, i.e., when \( t \geq T \) and \(

t\geq -T\). Since \( t \geq T \) implies \( t \geq -T \), the product simplifies to:

\[

ut+T) u(t-T) =
\begin{cases}
0, &t<T\

1, &t\geq T
\end{cases}

\]
3. Cotangent of this product:

- The argument of the cotangent function is either 0 (for \( t < T \)) or 1 (for \( t \geq T \)). But actually,

the product is O when \(t < T\), and 1 when \(t\geq T ).



- Since \( \cot(0) \) tends to infinity (undefined), and \( \cot(1) \) is a finite value (since cotangent is

defined for all angles except multiples of \( \pi \)), we need to interpret these carefully.

4. Potential issues with \( \cot \) at O:

- The cotangent function is undefined at 0 and multiples of \( \pi \). The argument here is the product \(

u(t+T) u(t - T) \), which is either 0 or 1, but cotangent's input is usually in radians.

- The notation suggests that the argument of the cotangent is a real number, possibly indicating a

more abstract or symbolic interpretation.

Important clarification:

- If the expression is \( \cot [u(t+T) u(t - T)] \), then the argument is 0 or 1, which is unusual because

cotangent expects an angle in radians.

- Possible interpretation: The notation might imply that the function is:

\[

F(t) = \cos \left( \cot \left( u(t+T) \times u(t - T) \right) \right)

\

- Alternatively, the problem might have a typo or is symbolic, where the product \( u(t+T) u(t - T)\) is

treated as an angle in radians.

Assuming the latter:

- For the purpose of sketching, assume that:

\[
F(t) = \cos \left( \cot \left( u(t+T) u(t - T) \times \theta \right) \right)



\

where \( \theta \) is some fixed angle, or the product is scaled to an angle.

However, given the original expression, the most straightforward interpretation is:

-For\(t<T\):

\[

u(t+T) = 0, \quad u(t - T) = 0 \Rightarrow u(t+T) u(t-T) =0

\

- For\(t\geq T \):

\[

u(t+T) = 1, \quad u(t - T) = 1 \Rightarrow u(t+T) u(t- T) = 1

\

Therefore, the argument to the cotangent is:

\[

\cot(0) \quad \text{for } t < T

\

\[

\cot(1) \quad \text{for } t\geq T
\

Since cotangent of zero is undefined (approaches infinity), and cotangent of 1 radian is some finite

value, the function simplifies to:

\[



F(t) = \cos(\text{infinity}) \quad \text{for } t < T
\

which is oscillatory or undefined.

Constructing the Waveform

Given the potential ambiguity, the most physically meaningful approach is:
-For\(t<T\)

\[

F(t) \text{ is undefined or oscillates rapidly}

\]

-For\(t\geq T\):

\[

F(t) = \cos (\cot 1)

\]

which is just a constant value, since \( \cot 1\) is a constant in radians.
Summary:

| Time Interval | Behavior of \( u(t+T) u(t - T) \) | Argument to \( \cot \) | \( F(t) = \cos (\cot(...)) ) |

I | I I |
[Mt<TV)|0]\(\cot 0\to\infty \) | Oscillates or undefined |

[\(t\geq T V)| 1] \(\cot 1)) (constant) | Constant: \( \cos(\cot 1) \) |



Sketching the Waveform

- Before \( t = T \): The waveform is undefined or oscillatory due to \( \cot 0 \to \infty \). In practice, this

indicates a vertical asymptote or rapid oscillations approaching infinity.
- After \( t = T \): The waveform stabilizes to a constant value \( \cos (\cot 1) \).
Visual Representation:

- A vertical asymptote or rapid oscillations at \( t = T \).

- A flat line at \( \cos (\cot 1) \) for \( t > T \).

Note: The precise sketch depends on the interpretation of the cotangent argument, but the key point is

the discontinuity at \( t = T \).

Part B: Sketching \( f(t) = A [u(t+3T) - u(t + T) + \delta(t - T)

- n(t-3M1]\)

Breaking Down the Function Components

This function involves:

- Unit step functions \( u(t + 3T) \) and \( u(t + T) \):



-\(u(t+ 3T)\): turns on at \(t=-3T)\).
-\ (u(t+ T)\):turnsonat\(t=-T\).

- Difference \( u(t + 3T) - u(t + T) \):

- Represents a rectangular pulse active between \(t=-3T \) and \(t = -T\).
- Dirac delta \( \delta(t - T) \):

- An impulse at\(t =T \).

- Function \( n(t - 3T) \):

- Assuming \( n(t) \) is a known function, likely a ramp or step function.
Assuming \( n(t) \) is a ramp function, i.e., \( n(t) = t\), then:

\[

f(t) = A [u(t+3T) - u(t+T) + \delta(t - T) - (t - 3T)]
\

Sketching Each Component

1. Rectangular pulse:

S\(u(t+ 3T) - u(t + T)\):

- Equal to 1 for \( -3T \leq t < -T\),



- 0 elsewhere.

2. Impulse at\(t=T\):

- A vertical spike with area 1 (or magnitude depending on the context).
3. Ramp or\( n(t- 3T) \):

“If\(n(t) = t\), then \(n(t- 3T) =t- 3

Frequently Asked Questions

What is the general approach to sketching the time waveform of F(t) =
Cos Cot[u(t+T)u(t-T)]?

To sketch this waveform, analyze the argument inside the Cos Cot function, identify the intervals
where the unit step functions change state, and then plot the resulting waveform considering the

behavior of Cos Cot within those intervals.

How do the unit step functions u(t+T) and u(t-T) affect the shape of
F(t)?

u(t+T) activates at t = -T, and u(t-T) activates at t = T. Their product is 1 only when both are 1, i.e., for
t D T. This behavior creates a time window from t = T onward, influencing the composite function's

domain.

What is the significance of the product u(t+T)u(t-T) in the given
function?

The product acts as a gate that is 1 only when both u(t+T) and u(t-T) are 1, effectively activating the



function within the interval t D T, and zero elsewhere, shaping the waveform's active region.

How does the composition Cos Cot affect the waveform's shape?

The Cos Cot function involves the cosine and cotangent functions, which introduce oscillatory behavior
with potential discontinuities or sharp changes at points where cotangent approaches zero or infinity,

influencing the waveform's complexity.

For the second function, f(t) = A[u(t+3T) - u(t+T) + u(t-T) - u(t-3T)],
how do the unit step functions define the waveform?

These step functions create a piecewise function that is non-zero between specific intervals: from -3T

to -T and from T to 3T, resulting in a waveform with two active segments separated by zero regions.

What is the shape of f(t) in the interval betweent =-Tandt = T?

Within this interval, the function simplifies to a constant amplitude A, as the sum of unit step functions
results in a value of 2 or 0, depending on the exact interval, resulting in a rectangular pulse of

amplitude A.

How do the shifts in the unit step functions (e.g., +3T, +T, -T, -3T)
influence the waveform timing?

These shifts determine the start and end points of the waveform segments, effectively creating pulses
or segments of activity at specific time intervals symmetrical around the origin, spaced by multiples of

T.

What are common challenges in sketching these waveforms
analytically?

Challenges include accurately identifying the intervals where the unit step functions activate or

deactivate, understanding the behavior of composite functions like Cos Cot, and managing



discontinuities or oscillations introduced by cotangent.

Why is understanding unit step functions essential for sketching these
waveforms?

Unit step functions define the on/off behavior of the signals, segmenting the waveform into regions of
activity and inactivity, which is fundamental for accurately sketching piecewise functions in time domain

analysis.

How can one verify the correctness of the waveform sketch for these
functions?

Verification can be done by analyzing the function mathematically to find key points and intervals,
plotting the behavior analytically, and comparing with the expected step changes, oscillations, and

amplitude levels to ensure accuracy.

Additional Resources

Question 3. I. Sketch The Time Waveform Of The Following; A) F(t) = Cos Cot[u(t+T)u(t-T)] B) f(t) = A
[ut+3T)-u(t+T) + u(t-T)- u(t-3T)]

Understanding and sketching time waveforms is fundamental in signal processing, control systems,
and communications engineering. These waveforms provide insight into the behavior of signals over
time, revealing their amplitude variations, duration, and transitions. The question at hand involves
analyzing two complex functions involving unit step functions, trigonometric functions, and their
combinations. This article offers a detailed examination of each function, breaking down their

components, behavior, and how to visualize their waveforms effectively.



Understanding the Context and Key Components

Before delving into the specific functions, it’s essential to establish the foundational concepts involved:

- Unit Step Function, u(t):
The unit step function, u(t), is a basic signal that is zero for t < 0 and one for t D 0. It is used to model

signals that turn on at a specific time.

- Trigonometric Functions:

Cosine and cotangent functions exhibit oscillatory behavior. The cosine function oscillates between -1
and 1, while cotangent has a more complex waveform with asymptotes.

- Composite Functions:

Combining these elements results in signals with piecewise definitions, discontinuities, and potential

singularities.

Part A: Sketching F(t) = Cos(Cot[u(t+T) u(t-T)])

Decomposition and Analysis

The first function involves several nested operations:

- The product u(t+T) u(t-T):
- For t in the interval [-T, T], both u(t+T) and u(t-T) are 1, so their product is 1.

- Outside this interval, at least one of the unit step functions is zero, making their product zero.



- The cotangent of this product:
- When the product equals 1, we evaluate Cot[1].
- When the product equals zero (which occurs outside [-T, T]), the cotangent function approaches

infinity or is undefined.

- The cosine of the cotangent:

- Since cosine is bounded between -1 and 1, the output will oscillate based on the cotangent's value.

Waveform Behavior:

- Within [-T, T]:

- The product u(t+T) u(t-T) = 1.

- Therefore, F(t) = Cos(Cot(1)).

- Cot(1) is a finite real number (~0.642), so F(t) is a constant value approximately equal to Cos(0.642)

Oos.

- The waveform in this interval is a flat line at approximately 0.8.

- Outside [-T, TI:

- The product is zero, leading to Cot(0).

- Cot(0) is undefined (approaches infinity), so F(t) has discontinuities at the points where the cotangent
is undefined, i.e., at the boundariest=-T and t = T.

- Near these points, the function exhibits rapid oscillations or jumps, depending on the limiting

behavior.
Sketch Summary:
- A flat line at about 0.8 betweent=-Tandt=T.

- Sudden jumps or undefined points att=-T and t=T.

- Outside this interval, the function is undefined or oscillates rapidly due to the cotangent's asymptotes.



Features and Considerations

- The function is piecewise constant with discontinuities at the boundary points.

- The domain is segmented into three regions: t <-T, -T <t<T,and t>T.

- Discontinuities occur att = -T and t = T, where the product transitions from 1 to 0.

- The actual waveform around the discontinuities may show oscillations if considering the limiting

behavior of cotangent approaching infinity.

Part B: Sketching f(t) = A [u(t+3T) - u(t+T) + u(t-T) - u(t-3T)]

Decomposition and Analysis

This function is a combination of shifted unit step functions scaled by a constant A. Let’s analyze each

term:

- u(t+3T):

- Turns on at t = -3T.

- u(t+T):

- Turns on at t = -T.

- u(t-T):

-Turnsonatt=T.

- u(t-3T):

- Turns on at t = 3T.



Putting these together:

- Segment 1 (t < -3T):
- All unit step functions are zero.

- f(t) = 0.

- Segment 2 (-3T <t <-T):

- u(t+3T): 1 (since t > -3T).
-u(t+T): 0 (t < -T).

-u(tT): 0 (t<T).

- u(t-3T): O (t < 3T).

-So, f(t)=A[1-0+0-0]=A.

- Segment 3 (-T <t<T):

- u(t+3T): 1.

-u(t+T): 1 (t> -T).

-u(tT): 0 (t<T).

- u(t-3T): 0.
~ft)=A[1-1+0-0]=0.

- Segment 4 (T <t < 3T):

- u(t+3T): 1.

- u(t+T): 1.

-u(tT): 1 (t>T).

- u(t-3T): 0.
“ft)=A[1-1+1-0]=A,

- Segment 5 (t > 3T):
- All unit steps are 1.

“fty=A[1-1+1-1]=0.



Waveform Summary:

- For t < -3T: f(t) = 0.

- For -3T <t <-T: f(t) = A.
-For-T<t<T:f(t) = 0.

- For T <t < 3T: f(t) = A.
- For t > 3T: f(t) = 0.

This creates a rectangular pulse train with alternating ON and OFF intervals, each lasting 2T, scaled

by A.

Features and Practical Insights

- Pulse Width: Each pulse lasts 2T.

- Amplitude: Scaled by A.

- Duty Cycle: The pulse is high (A) for intervals of length 2T, then low (0) for 2T.

- Continuity: The waveform has sharp transitions at the boundary points, characteristic of ideal step

functions.

Pros:

- Simple to analyze and visualize.

- Useful for modeling pulse trains, digital signals, or gating signals.

Cons:

- Discontinuities can introduce high-frequency components in real systems.

- Idealized step functions may not reflect real-world gradual transitions.



Visualizing the Waveforms: Practical Approach

To sketch these signals accurately, follow these steps:

1. Identify key points:
- For A: Mark t = -T and t = T where discontinuities occur.

- For B: Mark t = -3T, -T, T, 3T where the function changes value.

2. Determine values in each interval:

- Use the analysis above to assign constant values or note discontinuities.

3. Draw the waveforms:
- For A: Plot a flat line at ~0.8 between -T and T, with vertical jumps at the boundaries.

- For B: Plot rectangular pulses of height A, alternating between 0 and A.

4. Add labels and axes:

- Clearly mark the transition points and amplitude levels for clarity.

Conclusion: Significance and Applications

The detailed analysis of these functions exemplifies the importance of understanding how complex
signals are constructed from basic functions like the unit step and trigonometric functions. Recognizing
the behavior at boundary points, discontinuities, and the effects of nested functions is crucial in signal

processing applications such as filter design, communication systems, and control engineering.

Summary of Key Features:



| Feature | Function A | Function B |

| Nature | Piecewise constant with potential oscillations | Rectangular pulse train |

| Discontinuities | Att=-T, T | Att=-3T, -T, T, 3T |

| Oscillations |
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