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Abstract - In the earlier research papers as mentioned in
reference at serials numbers 4 through 9 at the last of this
paper, I discussed SP’s proposed concept of elementary signals
for Unit Step and Unit Ramp Functions. These elementary
signals play a vital role in the study of signals. These
elementary signals serve as basic building blocks for the
construction of more complex signals. In fact, these elementary
signals may be used to model a large number of signals which
occur in nature. Based on the concept developed, in this paper
some examples are solved to prove the theory or more clearly
SP’s theory for Ramp signals. Hence, it has been named as
“ANALYSIS OF SP’s RAMP FUNCTION THROUGH
EXAMPLES”.

Keywords - SP’s – Satyapal’s, Angle – The angles at which
shape of the elementary signal changes, Clockwise – The
direction of watch, Anticlockwise – the opposite direction of
watch.

INTRODUCTION

SP’s angle theory states that the elementary signals such
as unit step and ramp functions can be represented by angles
too. To understand this, first the existing theory [1 through
3][10 through 16] for ramp functions is briefly narrated and
then SP’s unit ramp function is explained[4][6][8] in a nut-
shell. SP’s angle theory says that the Ramp functions can be
defined with the help of one 45 degree angle in three steps
which gives a new & better idea to understand the Unit
Ramp Function. Apart from this, when one is asked to
construct  a shape from  a given equation,  then normally
he/she is provided with an equation that usually contains
basic or elementary signals. Most of the students and
engineers may be unaware to what to do for a given equation
even after learning the existing theory. For this, I have
developed “Concept of Angles” [4][6][8] theory that may be
helpful in constructing the shapes from the given equation
and in understanding the basic signals. Let us take the Ramp
signal function to explore the concept of angles.

BRIEF DISCUSSION OF EXISTING

DEFINITION/THEORY AND CONCEPT

DEVELOPED

Existing Theory - The existing theory  states that the
signal will start from time zero and instantly will take a slant
shape[1 through 3][10 through 16] and depending upon given
time characteristics (i.e. either positive or negative, here
positive) the signal will follow the straight slant path either
towards right or left, here towards right. Thus,  the ramp
function r(t) is a type of elementary function which exists only
for positive side and is zero for negative. The continuous-
time ramp function   is denoted by r(t) and it is
mathematically expressed as –

t, if t  0
r(t)  

0,otherwise (that is, for t  0)

Figure 1 shows that there is actually one 45 degree shift in
unit ramp function, it is explained with the help of first by
taking a unit ramp function r(t).

Fig. 1. Continuous-time Unit Ramp Function Based
on Existing Theory

SP’s concept - For this case, function r(t) can be represented
in terms of angles as shown below –

0, when t  0
r(t)  t, 45º anticlockwise w.r.t. x axis & at t  0

This representation is nothing but the SP’s Unit Ramp
Function[4][6][8]. To prove this concept or theory, some
examples are  solved. These  solutions are helpful for  the
students as well as for the technocrats.
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Thus Unit Ramp Function r(t) signal takes one 45 degree
shift – it shifts in anticlockwise direction and finally extend
at this angle upto infinity. Hence, plotting of r(t) by using
angles can be shown as in figure 2. This plot has total three
steps, hence I will call it is a “STEP BY STEP” plot of unit
ramp function. The steps can be referred in [6][8].

Fig. 2. Sketching of function r(t) using angle theory, step 3.

Similarly, r(-t), -r(t) and –r(-t) can be plotted. For more
details, refer [4][6][8].

ANALYSIS OF THE THEORY DEVELOPED

THROUGH EXAMPLES

Let us consider some examples to prove the concept
developed. For this, let us take examples based on signal r(t).
Example 1. DRAWING OF r(t-2)
Solution : The existing theory says r(t-2) can be shown
below –

Fig. 4. Plot of r(t-2) under no signal condition.

Step 2. As soon as the signal r(t-2) comes/appears then the
signal instantly takes a 45 degree shift at t = 2 in
anticlockwise direction with respect to x-axis and takes one
straight slanted line in first quadrant i.e. takes one slant
straight line in between x and y axis. This situation is shown
in figure 5.

Fig. 5. Plot of r(t-2) as soon as signal appears at t = 2.

Step 3. Now, mix all the above steps and we get a new well
defined diagram. Lastly, this slant straight line extends upto
infinity at an angle of 450 in first quadrant and in between x
and y-axis. The whole diagram can be shown as below for one

0

t, if t  2
r(t  2)  

0,otherwise (that is, for t  2)
And it can be drawn using existing theory as below –

Fig. 3. Unit Ramp Function r(t-2) using existing theory.

Drawing of r(t-2) considering SP’s theory –

Step 1. First assume that, in idle case when no signal is there,
then every signal is assumed to be present on x-axis with zero
amplitude. Hence, now for signal r(t-2) which has positive
time t, the signal line comes from negative infinity to t = 2 as
shown in figure 4.

45 shifts. This figure clearly explains that it has one 45
degree angle. This is shown in figure 6. This figure explains
step by step following mathematical expression.

t, when t  2
r(t  2)  

t,45º ,anticlockwise w.r.t. x axis & at t  2

Figure 6. Step by step plot of r(t-2) after mixing each step

Example 2. DRAWING OF -r(t-2)
Solution : The existing theory says -r(t-2) can be shown as

below –
 t, if t  2

 r(t  2)  0, otherwise (that is, for t  2)

And it can be drawn using existing theory as below -
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Figure 7. Unit Ramp Function -r(t-2) using existing theory.

Drawing of -r(t-2) considering SP’s concept –
Step 1. First assume that, in idle case when no signal is there,
then every signal is assumed to be present on x-axis with zero
amplitude. Hence, now for signal -r(t-2) which has positive
time t, the signal line comes from negative infinity to t = 2 as
shown in figure 8.

0, when t  2
 r(t  2)  

 t, 45º colckwise w.r.t. x axis & at t  2)

Fig. 10. Step by step plot of -r(t-2) after mixing each step.

Similarly, considering all the three steps, some example will
be plotted without explaining each and every step.

Example 3. Sketch the shape of the given equation –
r(t) – 2r(t-3) - r(t-6)

Fig. 8. Plot of -r(t-2) under no signal condition.

Step 2. As soon as the signal -r(t-2) comes/appears then the
signal takes a 45 degree shift at t = 2 in clockwise direction
with respect to x-axis and takes one straight slanted line in
fourth quadrant i.e. takes one slant straight line in between x
and y axis. This situation is shown in figure 9.
Step 3. Now, mix all the above steps and we get a new well
defined diagram. Lastly, this slant straight line extends upto
infinity at an angle of -450 in fourth quadrant and in between x
and y-axis. The whole diagram can be shown as below for one
450 shifts. This figure clearly explains that it has one 45
degree angle. This is shown in figure 10. This figure explains
step by step following mathematical expression.

Fig. 9. Plot of -r(t-2) as soon as signal appears at t = 2.

Solution –
The solution is given below by keeping the given theory in the
previous sections –

Fig. 11. Step by step plot of r(t) – 2r(t-3) - r(t-6) after mixing
each step. *(concept of 2r having 90 degree to be discussed
later).

The solution is given above by keeping the given theory
in the previous sections –
Example 4. Sketch the shape of the given equation – r(t) - r(t-
3) - r(t-6) + r(t-9)
Solution –
The solution is given below by keeping the given theory in the
previous sections –

The solution is given below by keeping the given theory in
the previous sections –

Fig. 12. Step by step plot of r(t) – r(t-3) - r(t-6) + r(t-9) after mixing each step.
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Example 5. Sketch the shape of the given equation – r(t) - r(t-3) + r(t-7) – r(t-9)

Solution –
The solution is given below by keeping the given theory in the previous sections –

Fig. 13. Step by step plot of r(t) – r(t-3) + r(t-7) - r(t-9) after mixing each step.

Example 6. Sketch the shape of the given equation – r(t-2) - r(t-3) + r(t-4) - r(t-5)

Solution –
The solution is given below by keeping the given theory in the previous sections –

Figure 14. Step by step plot of r(t-2) - r(t-3) + r(t-4) - r(t-5) after mixing each step.

CONCLUSION

When, I applied this theory to the B.Tech. (Subject :
Signals and Systems) students, I found students not only
grasped this theory but also solved a number of problems
based on this. This paper is an outcome from the teaching
experience and my related research papers. The students
faced a  lot of problems to understand the ramp function
numerical problems. This work is an attempt to teach the
students step by step construction procedure of ramp signal
functions and this work has an attempt to explore the new
and easy theory specially written for ramp signals related to
the basic signal functions. No doubt the future studies will
further explore my work in deep. On the basis of this theory,
some other signals could be developed that will go long to
the scientists and students. As no matter is available on the

internet/books, hence I claim  that  this theory/analysis is
purely based on my research work/affords and has a bright
chance to explore new theory and ideas on this.
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