
When saving or printing, disable Automatic Calculation.

The subscript "gd" is the acronym of "Global Data.xmcd"
The subscript "fs" is the acronym of "Fourier  series.xmcd"
The subscript "sl" is the acronym of "Signal List.xmcd"
The subscript "dp" is the acronym of "Dirac Pulse - formulas.xmcd"
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    INTRODUCTION

 This worksheet deal with deterministic pulses and signals only. 
It is a collection of some common (and not), signals used in electronics.
To simplify the realization of  this file (this worksheet) and to make more agile and immediate viewing of signal's graphics,
the data, for some signal, are defined in other worksheets as listed in the references  just above this introduction. (for
example: Staircase, Pulse train, FM and PM signal, etc).
Hence, to change the data, open the relative file and modify them. Save and close both files (relative file data and this one)
to store the data variations done, than reopen Pulses and Waveforms. 

Units: Mrads and Grads stand for 10
6

rad  and 10
9

rad    
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                                                                                                PULSES
    Pulses
    -1) Dirac Pulse Approximation  

Dirac pulse definition: Δ t( ) ∞ t 0.0=if

0.0 otherwise

=

Some text of electrical engineering, use the symbol: u0 t( ) ∞ t 0.0=if

0.0 otherwise

=

∞

∞

tΔ t( )




d 1=

∞

∞

tu0 t( )




d 1=

Let's now approximate the Dirac Pulse in a way that it  can be drawn, namely define a time interval as small as desired, for example: 

 approximation. Δε t εgd  1

εgd

εgd

2
t

εgd

2
if

0 otherwise

=

Dirac Pulse property:

∞

∞

tΔε t εgd 



d

εgd

2

εgd

2

tΔε t εgd 






d= 1=

0ε εgd

2

εgd

2

tΔε t εgd 






dlim


1=

∞

∞

t
0ε

Δε t εgd lim







d 0=

εgd 1 10
5

1

s
ns tδsl 5 εgd 5 εgd

10 εgd

2000
 5 εgd

5 3.3 1.7 0 1.7 3.3 5
0

1.8 10
3

3.7 10
3

5.5 10
3

7.3 10
3

9.2 10
3

1.1 10
4

Finite Pulse

1

εgd

Δε tδsl εgd 

1
2

1

2

tδsl

εgd

5 3.3 1.7 0 1.7 3.3 5
0

1.8 10
3

3.7 10
3

5.5 10
3

7.3 10
3

9.2 10
3

1.1 10
4

Finite Pulse

1

εgd

1

εgd
rect

tδsl

εgd











1
2

1

2

tδsl

εgd
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    Pulses
    -2) Voltage step    

Some text in electrical engineering indicate the unitary step with the symbol:u_1 t( )

∞

t

ξu0 ξ( )




d= Φ t( )= ,

therefore: u0 t( )
t
u_1 t( )

d

d
= .

Other definition are Φ t( )
0εgd

∞

t

ξ
1

εgd
Π

ξ

εgd















dlim


=

∞

t

ξu0 ξ( )




d=
∞

t

ξΔ ξ( )




d=

Voltage step Vstpsl tsl Vpp  Vpp Φ tsl =

Discrete time Unitary step (Unitary pulse:δ ν k( ) ):    

uδ ν( )

0

ν

k

δ ν k( )


ν 0if

0 otherwise

=v2sl tsl 
Vstpsl tsl Vpp 

V
=

 T0gd and Vpp are defined in "general data.xmcd "

Vpp 1.2 10
4 mV ttw_ 1 T0gd 1 T0gd

201 T0gd

500
 200 T0gd νsl 0 20 T0gd 1 10

3 s

10 5 0 5 10 15 20
1.2
1.4

4

6.6

9.2

11.8

14.4
Unitary step

0

Vpp

v2sl ttw_ Vpp 

0 10

ttw_

T0gd

2 0.5 1 2.5 4 5.5 7 8.5 10
0.1

0.05
0.2

0.35
0.5

0.65
0.8

0.95
1.1

Discrete Unitary step

0

1

uδ νsl 

0 2

νsl
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    Pulses
   -3)  Ramp with slope Vl /T

Some text of electrical engineering indicate the ramp function, use the symbol:u2 tsl  tsl Φ tsl 

 T0gd and Vpp are defined in "general data.xmcd "

u2 tsl  tsl Φ tsl =
∞

tsl

ξΦ ξ( )




d=

Voltage ramp:

T0gd T0gd Vpp Vpp u2 tsl 
Vpp

T0gd 0

tsl

τtwΦ τtw 




d=

vrsl tsl T0gd Vpp 
Vpp

T0gd

tsl Φ tsl 

V
=

1 0.375 1.75 3.125 4.5 5.875 7.25 8.625 10
0

15

30

45

60
75

90

105

120
RAMP

Vpp

V

vrsl ttw_ T0gd Vpp 

0 1

ttw_

T0gd

    Pulses
    -4) Voltage Pulse

Description of the Function's parameters:     
                   V4 tsl τδsl τptd_ Vpp  Adimensional_amplituderect1 time risingedge width( )=

Data file " pulse train data.xmcd"

Pulse width: τptd_ 250 μs ,     T0gd 1 10
3 μs ,

Amplitude:   Vpp 12 volt

Pulse displacement from the origin: ξtwsl ξptd_ ,           τptd_ τptd_ 1 ξtwsl  ξtwsl τptd_= ,

Time delay from the origin: τδsl τptd_ 1 ξtwsl   ,     risingedge τδsl=  ,        width τptd_= .

Generic pulse definition defined in "Fourier Series.xmcd": rect1 tsl risingedge width 

τδsl 0 μs V4 tsl τδsl τptd_ Vpp 
Vpp

V
rect1 tsl τδsl τptd_ =

ttw0_ 2 τptd_ 2 τptd_
102 τptd_

5000
 100 τptd_

7

1 0.8 0.5 0.3 0 0.3 0.5 0.8 1 1.3 1.5 1.8 2
1.2

1.2

3.6

6

8.4

10.8

13.2
Single Pulse

0

Vpp

V

V4 ttw0_ τδsl τptd_ Vpp 

τδsl

τptd_

τδsl τptd_

τptd_

ttw0_

τptd_

    Pulses
    -5 Doublet Voltage Pulse

Description of the Function's parameters: V4 tsl risingedge width pulse_amplitude ,
                                                                  V5 tsl risingedge width pulse_amplitude 
Data file " pulse train data.xmcd"

τptd_ 250 μs V4 tsl τδsl τptd_ Vpp 
Vpp

V
rect1 tsl τδsl τptd_ =

V5 tsl τδsl τptd_ Vpp  V4 tsl τptd_ τδsl τptd_ Vpp  V4 tsl 3 τptd_ τδsl τptd_ Vpp =

2.5 10
4 1.875 10

4 6.25 10
4 1.0625 10

3 1.5 10
3

13.2

6.6

0

6.6

13.2

0

Vpp

V

V5 ttw0_ τδsl τptd_ Vpp 

4 τptd_τδsl

ttw0_
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    Pulses
    -6 Staircase 1 Voltage Pulse

Data file "staircase pulse data.xmcd"

kstplength 300

Step Amplitude (arbitrary choice): Vstcstp0 2.4 mV

Number of steps: m1steps 8

Signal amplitude: Vstcs 19.2 mV

Step length: T1stpl_ 0.37 μs

Description of the Function's parameters: vstc tsl step_length signal_amplitude number_of_steps 
Test signal:

vstc tsl T1stpl_ Vstcs m1steps 
Vstcs

m1steps
0

m1steps 1

k

Φ tsl k T1stpl_  


m1steps Φ tsl m1steps T1stpl_ 










=

7.407 10
79.259 10

8 9.259 10
7 1.759 10

6 2.593 10
6 3.426 10

6 4.259 10
6 5.093 10

6 5.926 10
6

0.0024

0.004

0.0103

0.0167

0.023
Staircase

Vstcs

Vstcs

m1steps

vstc ttw1_ T1stpl_ Vstcs m1steps 
0 V

T1stpl_ m1steps T1stpl_

ttw1_

    Pulses
   - 7 Staircase 2  Voltage Pulse

Data file "staircase 2 pulse data.xmcd"

shift 5

0 1.6 10
5 3.2 10

5 4.8 10
5 6.4 10

5 8 10
5 9.6 10

5 0.000112 0.000128

0

1.8

3.6

5.4

7.2

9

10.8

12.6

14.4
Double Staircase

Vstc_

m2steps_

Vstc_

2 m2steps_ T2stpl_T2stpl_

9

0 1.6 10
5 3.2 10

5 4.8 10
5 6.4 10

5 8 10
5 9.6 10

5 0.000112 0.000128

0

3.3

6.6

9.9

13.2

16.5

19.8

23.1

26.4
Double Staircase shifted

Vstc_

Vstcstp_

6 T2stpl_ 2 m2steps_ T2stpl_5 T2stpl_

0 1 10
5 2 10

5 3 10
5 4 10

5 5 10
5 6 10

5 7 10
5 8 10

5 9 10
5 0.00010.000110.000120.000130.000140.000150.00016

0

4.8

9.6

14.4

19.2

24

28.8

33.6

38.4
?

2 Vstc_

Vstc_

4 m2steps_ 2  T2stpl_
9 T2stpl_

T2stpl_

2


THsl 6 m2steps_ shift 3  T2stpl_

0 0.0001 0.0002
0

10

20

30

(-.-)

Vstc_

Vstcstp_

THsl

2
shift

T2stpl_

2


5 T2stpl_

    Pulses
    -8  Staircase 3  Voltage Pulse

Data file "staircase 3 pulse data.xmcd"

1.92 10
5 9.6 10

6 3.84 10
5 6.72 10

5 9.6 10
5

0.0144

0.0072

0

0.0072

0.0144
Staircase 3

Vstc3_

Vstc3_

mstc3steps_

2 mstc3steps_ 1  Tstc3stpl_Tstc3stpl_
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    Pulses
    -9 Triangular  Voltage Pulse   

Data file " general data.xmcd"

4 10
4 0 4 10

4

0

0.5

1

0

1

Λ ttsl τptd_ 

0 τptd_

ttsl

    Pulses
    -10 Bipolar Triangular  Voltage Pulse   

Data file " general data.xmcd"

1 10
3 0 1 10

3

1

0

1

0

1

v15 ttsl τptd_ 

3 τptd_τptd_

ttsl
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    Pulses
  -11 Sawtooth  Voltage Pulse with positive slope

Data  file " sawtooth pulse  data.xmcd"

ttsw δsawth_ 0 δsawth_ 0
5 δsawth_ δsawth_ 0

10000
 5 δsawth_

03.75 10
7 7.5 10

7 1.125 10
6 1.5 10

6
0

20

40

60
Vsawth_

fsw ttsw δsawth_ Vsawth_ 

δsawth_

ttsw

    Pulses
  -12 Sawtooth  Voltage Pulse with negative slope

Data file " sawtooth pulse  data.xmcd"

5 10
7 5 10

7 1.5 10
6

0

20

40

Vsawth_

fsl ttsw δsawth_ Vsawth_ 

0 δsawth_

ttsw

    Pulses
  -13 Bipolar Single Sawtooth with adjustable rising and falling edges  Pulse Train         

Data file " sawtooth pulse  data.xmcd"

Vpp 12V

Tsl 1.1 μs ω0sl
2 π
Tsl

 ω0sl 5.712
Mrads

sec
 δcycl 0.2

τcysl δcycl Tsl

01.513 10
73.025 10

74.538 10
7 6.05 10

7 7.563 10
79.075 10

71.059 10
6 1.21 10

6

0

5

10

0

Vpp

s1s2 t Tsl δcycl Vpp 

τcysl Tsl

t
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    Pulses
   -14 Raised-Cosine (RC) Pulse

α is called the excess bandwidth factor. The bandwidth of this pulse is Bwrc

1 αrcsl

2 Trcsl
=

sinc is a Mathcad function, it returns the value of sin(z)/z, with correct behavior in the limit as z approaches 0.

αrcsl 0.3 Bwrcsl

1 αrcsl

2 T0gd


Trcsl T0gd

5 10
3 0 5 10

3

0

5

10

Raised-Cosine (RC) Pulse

0 V

Vpp
vrc ttw4_ αrcsl T0gd Vpp 
vrc ttw4_ 1 T0gd Vpp 

0

ttw4_

1.885 10
49.425 10

3 0 9.425 10
31.885 10

4
5

0

5

10

Raised-Cosine (RC) Pulse

Vpp

Vrc ωsl αrcsl
1

T0gd
 Vpp








Vrc ωsl 1.0
1

T0gd
 Vpp








0

ωsl
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    Pulses
   -15 Root Raised-Cosine (RC) Pulse

τrrcsl T0gd

α1sl 0.3 α2sl 1.0 αrrcsl α1sl Trrcsl 6 T0gd Trrcsl 6 10
3 s

τrrcsl 1 10
3 s

ttw4_ T0gd 3 T0gd 3
10 T0gd T0gd 3

500
 10 T0gd

6 10
3 2.5 10

3 1 10
3 4.5 10

3 8 10
3

20

0

20

40

Root Raised-Cosine (RC) Pulse

0 V

π α1sl 4 π( )

π τrrcsl
V

vrrc ttw4_ α1sl τrrcsl Vpp 
vrrc ttw4_ α2sl τrrcsl Vpp 

0 τrrcsl

ttw4_

    Pulses
  -16 Voltage Pulse Exponentially  Rising    

0 6.25 10
4 1.25 10

3 1.875 10
3 2.5 10

3
0

5

10

1
1

e






Vpp

Vpp

Vc ttw5_ τptd_ Vpp 

τptd_ T0gd

ttw5_

0 6.25 10
4 1.25 10

3 1.875 10
3 2.5 10

3
0

5

10

1
1

e






Vpp

Vpp

Vcad ttw5_ τptd_ Vpp 

τptd_ T0gd

ttw5_
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    Pulses
  -17 Voltage Pulse Exponentially  Decaying     

0 1 10
3 2 10

3
0

5

10

Vpp

e

Vpp

Vdis ttw5_ τptd_ Vpp 

τptd_

ttw5_

    Pulses

  - 18 Double Exponential Pulse    

2.5 10
3 1.25 10

3 0 1.25 10
3 2.5 10

3
0

5

10

Vpp

e

Vpp

Vdep ttw6_ 0 τptd_ τptd_ Vpp 

τptd_ 8 τptd_

ttw6_

    Pulses

  - 19 Bipolar Double Exponential Pulse    

3.75 10
3 4.375 10

4 2.875 10
3 6.1875 10

3 9.5 10
3

14.4

7.5

0.6

6.3

13.2

0

Vpp

Vbdep ttw6_ 0 τptd_ τptd_ Vpp 

24 τptd_8 τptd_

ttw6_
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    Pulses

  - 20 Bipolar Double Exponential Odd symmetric Pulse    

3.75 10
3 1.875 10

3 0 1.875 10
3 3.75 10

3

10

0

10
Vpp

Vpp

Vbdeosp ttw6_ τptd_ Vpp 

8 τptd_8 τptd_

ttw6_

    Pulses
 - 21 Agnesi  Profile Voltage Pulse

1.25 10
3 6.25 10

4 0 6.25 10
4 1.25 10

3

0

5

10

Agnesi Voltage Pulse

0

Vpp

Vagn ttw6_ τptd_ Vpp 
3

4
Vpp

τptd_

3


τptd_

3

ttw6_

    Pulses
 - 22 Agnesi Derivative Voltage Pulse

7.5 10
4 3.75 10

4 0 3.75 10
4 7.5 10

4
10

5

0

5

10
Agnesi Derivative Voltage Pulse

3 3 Vpp

8


3 3 Vpp

8

VDagn ttw6_ τptd_ Vpp 
0

τptd_

3


τptd_

3

ttw6_
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    Pulses
- 23 Poisson  Profile Voltage Pulse

0 6.25 10
4 1.25 10

3 1.875 10
3 2.5 10

3
0

1

2

3

4

Vpp

e

Vp ttw06_ τptd_ Vpp 
Vp 4 τptd_ τptd_ Vpp 

τptd_

ttw06_

    Pulses
 - 24 nth Poisson   Profile Voltage Pulse

nsl_ 2

maxysl Vpp e
nsl_

 nsl_
nsl_ maxysl 6.496 V maxxsl nsl_ τptd_

ttw_ 0 τptd_ 0 τptd_
200 τptd_

500
 200 τptd_

0 6.25 10
4 1.25 10

3 1.875 10
3 2.5 10

3
0

0.275

0.55

0.825

1.1
n=2

1

e

4
V2p ttw06_ τptd_ Vpp 

4 Vpp e
2





2 τptd_

ttw06_

0 9.375 10
4 1.875 10

3 2.8125 10
3 3.75 10

3
0

4.436

8.872

13.308

17.744
n=3

3
3

Vpp e
3

Vpp

e

V3p ttw06_ τptd_ Vpp 

τptd_ 3 τptd_

ttw06_
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0 9.375 10
4 1.875 10

3 2.8125 10
3 3.75 10

3
0

15.473

30.946

46.419

61.892
n=4

4
4

Vpp e
4

Vpp

e

V4p ttw06_ τptd_ Vpp 

1 τptd_ 4 τptd_

ttw06_

    Pulses
 - 25 Rayleigh Profile Voltage Pulse

ttw07_ 0 τptd_ 0 τptd_
200 τptd_

5000
 200 τptd_

0 0.625 1.25 1.875 2.5 3.125 3.75 4.375 5
0

2

4

6

8 Vpp

e

VRy ttw07_ τptd_ Vpp 

1

ttw07_

τptd_

    Pulses
 - 26 Cap. Charge and Discharge Voltage Pulse

0 6.25 10
4 1.25 10

3 1.875 10
3 2.5 10

3
0

5

10

Capacitor Charg

1
1

e






Vpp

Vpp

Vc ttw07_ τptd_ Vpp 

τptd_ 5 τptd_

ttw07_

Δτsl 6 T0gd
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0 3 10
3 6 10

3 9 10
3 0.012

0

5

10

Cap. Voltage Charge and Discharge

Vpp

e

Vpp

Vcs ttw07_ 2 τptd_ Δτsl Vpp 

τptd_ Δτsl

ttw07_

0 3 10
3 6 10

3 9 10
3 0.012

0

5

10

Pulse and the Delayed One

Vpp

e

Vpp

Vcs ttw07_ 2 τptd_ Δτsl Vpp 
Vcs ttw07_ 4 τptd_ 2 τptd_ Δτsl Vpp 

τptd_ 3 τptd_ 6 T0gd 4 τptd_

ttw07_

0 3 10
3 6 10

3 9 10
3 0.012

10

0

10

Cap. Current Charge and Discharge

Vpp

Vpp

Isc ttw07_ 3 τptd_ 4 τptd_ T0gd Vpp 
0

Isc ttw07_ 4 τptd_ T0gd Vpp 

3 τptd_ 6 T0gd 3 τptd_

ttw07_

    Pulses
 - 27 Induct. Charge and Discharge Pulse

0 3 10
3 6 10

3 9 10
3 0.012

10

0

10

Induct. Voltage Charge and Discharge

Vpp

Vpp

VLcs ttw07_ 4 τptd_ 4 τptd_ T0gd Vpp 
0

VLcs ttw077_ 4 τptd_ T0gd Vpp 

4 τptd_ 6 T0gd 4 τptd_

ttw07_
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0 3 10
3 6 10

3 9 10
3 0.012

0

5

10

Induct. Current Charge and Discharge

Vpp

e

Vpp

ILcs ttw07_ 4 τptd_ 2 τptd_ T0gd Vpp 
ILcs ttw07_ 2 τptd_ T0gd Vpp 

τptd_ 3 τptd_ 6 T0gd 4 τptd_

ttw07_

    Pulses
 - 28 Triangular Cusp Pulse

Signal amplitude: Vpp 12 V

Pulse width: pwsl τptd_

pwsl 250 μs

Max pulse amplitude and cusp ratio: apsl
1

4
 apsl 1

Cusp slope cssl Vpp

2 1 apsl 

pwsl
 cssl 0.072

V

μs


5 10
4 2.5 10

4 0 2.5 10
4 5 10

4

0

5

10

One Cusp Pulse

Vpp

Vpp apsl

cusp0 t1sl pwsl apsl Vpp 

pwsl

2

pwsl

2

t1sl
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    Pulses
 - 29 Parabolic Cusp Pulse

Max pulse amplitude and cusp ratio: ap1 0.61 ap1 1

2.5 10
4 1.875 10

4 1.25 10
4 6.25 10

5 0 6.25 10
5 1.25 10

4 1.875 10
4 2.5 10

4
0

1.65

3.3

4.95

6.6

8.25

9.9

11.55

13.2
Parabolic Cusp1 Pulse

Vpp ap1

Vpp
cusp1 tsl_ pwsl ap1 Vpp  V

1

Φ tsl_

pwsl

2










Φ tsl_

pwsl

2












y1a tsl_

pwsl

s
 ap1 s Vpp









y2a tsl_

pwsl

s
 ap1 s Vpp









yparab tsl_ pwsl ap1 Vpp 

pwsl

2


pwsl

2

tsl_

5 10
4 3.75 10

4 2.5 10
4 1.25 10

4 0 1.25 10
4 2.5 10

4 3.75 10
4 5 10

4
0

3.3

6.6

9.9

13.2
Parabolic Cusp1 Pulse

Vpp ap1

Vpp

cusp1 tsl_ pwsl ap1 Vpp 

pwsl

2


pwsl

2

tsl_

    Pulses
 - 30 Elliptic Cusp Pulse

Max pulse amplitude and cusp ratio: ap2
1

3
 apsl 1

5 10
4 3.75 10

4 2.5 10
4 1.25 10

4 0 1.25 10
4 2.5 10

4 3.75 10
4 5 10

4
0

3.3

6.6

9.9

13.2
Elliptic Cusp2 Pulse

ap2 Vpp

Vpp

cusp2 tsl1_ pwsl ap2 Vpp 

Φ tsl1_

pwsl

2










Φ tsl1_

pwsl

2












pwsl

2


pwsl

2

tsl1_
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                                                                          PERIODIC WAVEFORMS
  TEST Waveforms

           Periodic Waveforms      Periodic Waveforms      Periodic Waveforms
 1) Half wave 

Data file " general data.xmcd"

Amplitude: B1hw 230 2 V

Thw 10 μs Angular frequency: ωhw
2 π

T0gd


0 0.5 1 1.5 2 2.5 3 3.5 4

0

200

400

Half wave

0

B1hw

g1hw ttw07_ T0gd B1hw N0gd 

10

ttw07_

T0gd

  TEST Waveforms

    Periodic Waveforms
    2 Half wave filtered (Capacitive) 

   Max half wave amplitude:          B1hw 325.269 V ,

Amplitude of the decreasing exponential for t=0: Vpp ,

Exponential Time constant: τhw1 2 T0gd ,

Period: Thw T0gd  ,  Thw 1 10
3 μs ,

Pulsation: ωhw 6.283
krads

sec
 ,

Intersection abscissa between half wave and exponential: ζ (scalar),
Tangent points abscissas between half wave and exponential: τtpa (vector) 

τtpaksl

atan ωhw τhw1  ksl π

ωhw


Vtpv B1hw sin ωhw τtpa1
  e

τtpa1

τhw1

Vtpv 369.746V

ζhw Z01 τhw1 ωhw B1hw Vtpv 

0 7.5 10
4 1.5 10

3 2.25 10
3 3 10

3 3.75 10
3 4.5 10

3 5.25 10
3 6 10

3

0

200

400

Ripple

0

B1hw
ζhwτtpa1
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    Periodic Waveforms
    3 Double Half wave    

Thw2

Thw

2
 ωtw2

π

Thw2
 g3 tsl Thw B1hw 

B1hw

V
sin

2 π
Thw

tsl









0 5 10
4 1 10

3 1.5 10
3 2 10

3 2.5 10
3 3 10

3 3.5 10
3 4 10

3

0

200

400

Double Half wave

0

B1hw

g3 ttw07_ Thw B1hw 

ThwThw2

ttw07_
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     4 Double Half wave filtered     

Vppt B1hw sin ωhw τtpa1
  e

τtpa1

τhw1

Vppt 369.746V

θdhw Z1 τhw1 ωhw B1hw Vppt  rip1

B1hw

V

B1hw

V
sin ωhw θdhw 

B1hw

V



0 1 10
3 2 10

3 3 10
3 4 10

3 5 10
3 6 10

3 7 10
3 8 10

3
0

100

200

300

Ripple

B1hw

V
sin ωhw θdhw 

B1hw

V

τtpa1 θdhw 5
Thw

2
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    Periodic Waveforms
     5 Voltage Pulse Train 

Data file "  pulse  train data.xmcd"

23

1 10
3 3.75 10

4 2.5 10
4 8.75 10

4 1.5 10
3 2.125 10

3 2.75 10
3 3.375 10

3 4 10
3

0

5

10

Voltage Pulse Train 

0

BptdTptd_ τptdδ0_τptdδ0_
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    Periodic Waveforms
   6 RF Pulse Train 

Data file " rf pulse data.xmcd"

 Step amplitude.............................:Vrfpd Bptd  ,  Vrfpd 12 V

 Signal frequency..........................: frfpd 30 fptd_    ,

 Signal period...............................:Trfpd
1

frfpd


Signal angular frequency...............:ωrfpd 2 π frfpd ,                    ωrfpd 0.188
Mrads

sec
  ,  

 time constant..............................:τrfpd
10

ωrfpd
  ,  τrfpd 53.052 μs

 Rising edge delay ......................:τδrfpd 0 ns              

5.30516 10
5 8.52113 10

5 2.23474 10
4 3.61737 10

4 5 10
4

0

0.5

1

Generic Pulse

0

1τptd_ 1 ξptd_ ξptd_ τptd_

5.30516 10
5 8.52113 10

5 2.23474 10
4 3.61737 10

4 5 10
4

1

0

1

Generic RF Pulse

1

1Trfpdξptd_ τrfpd

Average value: vptmrfsl Bptd δptd_

ttw8_ 1 τptd_ 1 τptd_
4 Tptd_ τptd_

2000
 4 Tptd_

2.652582 10
3 0.372679 0.748011 1.123342 1.498674 1.874005 2.249337 2.624668 3

10

0

10

Generic RF Pulse train

Bptd

Bptd
δptd_ 1
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 7 Bipolar Square Wave  

Data file " pulse train  data.xmcd"

Signal amplitude: Vpp 12 V

Square wave period: T0gd 1 10
6 ns

ωptd_ 6.283 10
6

Grads

sec


25

0 0.00063 0.00125 0.00188 0.0025 0.00313 0.00375 0.00438 0.005

10

0

10

Bipolar Square Wave

0

Vpp

vsqw ttw7_ T0gd Vpp N0gd 

T0gd

ttw7_
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 8 Bipolar Square Wave 1

Data file " pulse train  data.xmcd"

Signal amplitude: Vpp 12 V

Square wave period: T0gd 1 10
6 ns

ωptd_ 6.283 10
6

Grads

sec


0.5 0.0625 0.625 1.1875 1.75 2.3125 2.875 3.4375 4

10

0

10

Bipolar Square Wave 1

0

Vpp

V

V6 ttw8_ τδsl τptd_ Tptd_ Vpp N0gd 

τptd_

Tptd_

1

ttw8_

Tptd_
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    9 Staircase 1 Voltage  Pulse Train

Description of the Function's parameters: vstcp tsl period signal_amplitude number_of_steps ,
                                                                    : vstc tsl step_length signal_amplitude number_of_steps 
For data, see the worksheet  "  staircase pulse data.xmcd"

Period: Tstcpt m1steps 1  T1stpl_ 2

Duty Cycle: δstcpt

m1steps T1stpl_

Tstcpt


Staircase frequency: fstcpt
1

Tstcpt


ωstcpt 2 π fstcpt

Number of periods  shown : np 20

vstcptasl

Vstcs

2 m1steps m1steps 1 
1

m1steps

k

m1steps k 1 


 4.8 mV

tstw 0 Tstcpt 0 Tstcpt
10 Tstcpt

1000
 10 Tstcpt
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0 0.375 0.75 1.125 1.5 1.875 2.25 2.625 3
0

0.01

0.02

Periodic Staircase 1

Vstcs

Vstcstp0

vstcp tstw Tstcpt Vstcs m1steps N0gd 
0 V

1T1stpl_

Tstcpt

tstw

Tstcpt
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  10 Staircase 2 Voltage Pulse Train

Description of the Function's parameters: vstct time period max_amplitude number_of_steps( ),

                                     vstcc tsl step_length signal_amplitude number_of_steps 
For data, see the worksheet  "  staircase 2 pulse data.xmcd"

tstw2_ 0 T2stp_ 0 T2stp_
10 T2stp_

2000
 10 T2stp_

0 1 2 3 4 5 6 7 8
0

5

10

Staircase 2 Wave

Vstc_

m2steps_

Vstc_

vstct tstw2_ T2stp_ Vstc_ m2steps_ N0gd 

1T2stp_

T2stp_

tstw2_

T2stp_
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  11 Staircase 2 Voltage Pulse Train + sinus

Description of the Function's parameters: Vstcsin tsl period max_amplitude number_of_steps 
For data, see the worksheet  "  staircase 2 pulse data.xmcd"

0 0.5 1 1.5 2 2.5 3 3.5 4
0

5

10

Staircase 2 Wave + sinus (adimensional)

Vstcstp_

V

Vstc_

V

T2stpl_

T2stp_

1
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12 Staircase 3 Bipolar Voltage Pulse Train

Description of the Function's parameters: vstct tsl period step_amplitude number_of_steps ,
                                                                     : vstctA0 tsl period step_amplitude number_of_steps( ) 
You can find the data in "staircase 3 pulse data.xmcd"

0 1 2 3 4 5 6 7 8

0.005

0

0.005

Periodic Bipolar Staircase 3

Vstc3_

2


Vstc3_

2

vstctA0 tstw2_ Tstc3stcp_ Vstc3_ mstc3steps_ N0gd 
0.0

Tstc3stpl_

Tstc3stcp_

1

tstw2_

Tstc3stcp_
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13 Staircase 3 Bipolar Voltage Pulse Train + sinus

0 3.2 10
5 6.4 10

5 9.6 10
5 0.000128 0.00016 0.000192 0.000224 0.000256

0.005

0

0.005

Periodic Bipolar Staircase 3 + sinus
Vstc3_

2
Tstc3stcp_
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  14 Staircase 4 Bipolar Voltage Pulse Train

Description of the Function's parameters : vstc1p(time, step length, step amplitude, number of steps) 

To modify data, see the worksheet  "staircase 4 pulse data.xmcd"

Amplitude: Vstc4 15V

Step length: T4stpl_ 1.481 μs

Number of steps: m4steps 8

Time constant: τ4_ 74.074 ns

Period: T4stcp_ 0.025 ms

Frequency: f44stcp_ 3.971 10
4 Hz
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ω44stcp_ 2.495 10
5

rad

sec


0 1.259259 10
52.518519 10

53.777778 10
55.037037 10

56.296296 10
57.555556 10

58.814815 10
5 0.000101

10

0

10

Periodic Bipolar Staircase 4

Vstc4

Vstc4

vstc1p tstw4_ T4stpl_  Vstc4 m4steps N0gd 

0.0 volt

T4stpl_

tstw4_
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 15 Bipolar Triangular Voltage Wave  

Description of the Function's parameters : ΛV(time, triangle half base,  triangle amplitude) 

Time constant: τtwtsl 1 μs

Period: T9sl 4 τtwtsl f9sl
1

T9sl


ttrw_ 1 T9sl 1 T9sl
20 T9sl 1 T9sl

1000
 20 T9sl

2 0.25 2.5 4.75 7 9.25 11.5 13.75 16

10

0

10

0

Vpp

ΛV ttrw_ τtwtsl Vpp N0gd 

T9sl

τtwtsl

0

ttrw_

τtwtsl

  Bipolar Triangular Voltage Wave Built using the Step Function 

Signal amplitude: Vpp 12 V

Time constant: τtwtsl 1 μs

Period: T9sl 4 μs

ω9sl 2 π f9sl ω9sl 1.571 10
6

rad

sec


N0gd 256

0 5 10
6 1 10

5 1.5 10
5

13.2

6.6

0

6.6

13.2

0

Vpp

vtri0 ttrw_ T9sl Vpp N0gd 

T9sl0

ttrw_
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 16  Triangular Cusps Voltage Pulse Train

Signal amplitude: Vpp 12 V

Pulse width: pwsl 250 μs

Period: T0cspsl 2 pwsl

Max pulse amplitude and cusp ratio:

apsl 0.25 apsl 1

ttcw 0 T0cspsl 0 T0cspsl
10 T0cspsl 0 T0cspsl

500
 10 T0cspsl

0 1 2 3 4 5 6 7 8
0

5

10

Cusp Pulses Train

Vpp

Vpp apsl

csp01 ttcw pwsl apsl T0cspsl Vpp N0gd 

pwsl

T0cspsl

1

ttcw

T0cspsl

  TEST Waveforms

    Periodic Waveforms
 17 Bipolar Sawtooth with positive slope   Pulse Train               

Period: Tsawth_ 1 δsawth_

Frequency: fsawth_
1

Tsawth_
 fsawth_ 1 MHz

ωsawth_ 2 π fsawth_ ωsawth_ 6.283
Mrads

sec


ttwsl_ Tsawth_ 0 Tsawth_ 0
5 Tsawth_ Tsawth_ 0

500
 5 Tsawth_

0 0.375 0.75 1.125 1.5 1.875 2.25 2.625 3
50

0

50

Bipolar Sawtooth with positive slope

Vsawth_

Vsawth_

v1sw ttwsl_ Tsawth_ Vsawth_ N0gd 
0

1

ttwsl_

Tsawth_
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18 Bipolar Sawtooth with negative slope  Pulse Train                  

Amplitude: Vsawth_ 50 V

Sawtooth length: δsawth_ 1 μs

Slope: spsawth_ 50
V

μs


Period: Tsawth_ 1 μs

Frequency:
1

Tsawth_
1 MHz

ttwsl0_ Tsawth_ 0 Tsawth_ 0
5 Tsawth_ Tsawth_ 0

500
 5 Tsawth_

0 0.375 0.75 1.125 1.5 1.875 2.25 2.625 3
50

0

50

Sawtooth

Vsawth_

Vsawth_

v2sw ttwsl0_ Tsawth_ Vsawth_ N0gd 
0 V

1

ttwsl0_

Tsawth_
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   19 Bipolar Sawtooth with adjustable rising and falling edges  Pulse Train                  

τcysl 220 ns

Tsl 1.1 μs ω0sl 5.712
Mrads

sec


V1s t Tsl δcycl Vpp Ngd 
δcycl 20 %

tsl2_ 0 Tsl 0 Tsl
4 Tsl

10000
 4 Tsl

0 5.5 10
7 1.1 10

6 1.65 10
6 2.2 10

6 2.75 10
6 3.3 10

6 3.85 10
6 4.4 10

6
27.5

13.75

0

13.75

27.5
Sawtooth waveform

Vsawth_

2

Vsawth_

2
δcycl Tsl Tsl
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    Periodic Waveforms
   20 Dimensionless (RC) Pulse Train

T0gd 1 10
3 μs Bwrcsl 650 Hz

τrcsl

T0gd

8


ttrcw 20 T0gd 20 T0gd
20 T0gd 20 T0gd

1000
 20 T0gd

3 2.5625 2.125 1.6875 1.25 0.8125 0.375 0.06250.50.93751.3751.81252.252.68753.1253.5625 4

0

5

10

Raised-Cosine (RC) Pulse Train

0 V

Vpp

vptrc ttrcw αrcsl τrcsl T0gd Vpp N0gd 
vptrc ttrcw 1 τrcsl T0gd Vpp N0gd 

0 s 1

ttrcw

Trcsl
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  21 Root Raised-Cosine (RC) Pulse Train

αrrcsl 0.3

0 3 10
3 6 10

3 9 10
3 0.012 0.015 0.018 0.021 0.024

0

10

20

30

40

Root Raised-Cosine (RRC) Pulse Train

0 V

V
π αrrcsl 4 π( )

π τrrcsl


Vrrc ttrrcw αrrcsl τrrcsl Trrcsl N0gd Vpp 
Vrrc ttrrcw 1 τrrcsl Trrcsl N0gd Vpp 

3 TrrcslTrrcsl

ttrrcw

Vrrc 0 αrrcsl τrrcsl Trrcsl N0gd Vpp  33.806
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   22 AM test signal (single tone)

Carrier Amplitude: A1sl 20 volt

Modulating signal's amplitude: B1sl 12 volt ω0gd 6.283
krads

s


ω1csl 15 ω0gd T1csl
2 π

ω1csl
 ω1msl

ω1csl

10
 T1msl

2 π
ω1msl

 f1msl

ω1msl

2 π
 f15sl

ω1csl

2 π


ω1csl 94.248
krads

sec


ω1csl

ω1msl
10
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vam₊ A1sl B1sl vam₋ A1sl B1sl A1sl vam₊ vam₋= B1sl vam₊ vam₋=

vam₊ 32 volt

vam₋ 8 volt mamsl

vam₊ vam₋

vam₊ vam₋
 mamsl 60 %

B1sl

A1sl
60 %

ttamw T0gd 3 T0gd 3
20 T1csl T0gd 3

5000
 20 T1csl

0 0.00033 0.00067 0.001 0.00133
40

20

0

20

40
AM Waveform

vam₊

vam₋
V2am ttamw ω1msl ω1csl A1sl mamsl 

T1csl

ttamw
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   23 AM test signal  (triangular wave)   

ω2msl

ω1csl

10
 T2msl

2 π
ω2msl



ttamwtsl 0 sec 40
T2msl

500
 40 T2msl

0 0.00067 0.00133 0.002 0.00267
20

10

0

10

20
Madulating Signal

VppB1sl

vtri0 ttamwtsl T2msl B1sl N0gd 
0 V

T1mslT2msl

ttamwtsl

ttwsl_ T2msl 3 T2msl 3
8 T2msl T0gd 3

500
 8 T2msl

0 0.00033 0.00067 0.001 0.00133 0.00167 0.002 0.00233 0.00267

20

0

20

AM Waveform

A1sl B1sl

A1sl B1slT2mslT1csl
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  24 AM DSBSC test signal (single tone )

ω2msl

ω1csl

10
 T2mdsbsl

2 π
ω2msl

 ω2msl
2 π

T2mdsbsl
=

A1sl B1sl

2
120 volt

2

f2msl
1

T2msl
 f1csl

ω1csl

2 π


ω1csl 0.094
Mrads

sec
 ω2msl 9.425 10

3
Mrads

sec


T1csl
1

f1csl
 νsl 20

ttdsbw 0 sec νsl

T1csl

500
 νsl T1csl

0 0.00017 0.00033 0.0005 0.00067 0.00083 0.001 0.00117 0.00133
300

200

100

0

100

200

300
DSBSC single tone

0 V

T2mdsbslT1csl
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   25 AM DSBSC test signal (triangular wave)

T18 T2mdsbsl

f18
1

T18


ttdsbwt T18 3 T18 3
8 T18 T18 3

500
 8 T18

0 0.0013 0.0027 0.004 0.0053
20

10

0

10

20
Modulating Signal

B1sl

vtri0 ttdsbwt T2msl 2 B1sl N0gd 
0 V

T1mslT1msl 2

ttdsbwt
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0 0.00033 0.00067 0.001 0.00133 0.00167 0.002 0.00233 0.00267

200

0

200

DSBSC Triangular wave modulated

0

B1sl A1sl1 T2mdsbslT1csl
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  26 AM SSBSC test signal (single tone )

f19

ω1csl

2 π
 T19

1

f19


ttssbw 0 sec
4 T2msl

500
 4 T2msl

0 0.00067 0.00133 0.002 0.00267
200

100

0

100

200
SSBSC single tone

0 V

T2mslT19
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   27 AM SSBSC test signal (triangular wave)

f20
10

T1csl


0 0.00067 0.00133 0.002 0.00267
20

10

0

10

20
Modulating Signal

B1sl

vtri0 ttssbw T2msl 2 B1sl N0gd 
0 V

T1msl T1msl 2

ttssbw
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1T19
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 28 FM test signal (single tone) (change data in FM data.xmcd)

Carrier Amplitude:......................................................... ..:   Afm 200 mV

Carrier Frequency............................................................: fcfm 3 MHz

Carrier period...................................................................: Tcfm 0.333 μs

Angular frequency of the carrier.....................................: ωcfm 18.85
Mrads

sec


Amplitude of the single tone modulating signal............: Bfmm 15 V

Period of the modulating signal.........................................: Tfmm 6.667 μs

Frequency of the single tone modulating signal........  .....: ffmm
1

Tfmm


Angular frequency of the  single tone  modulating signal:

ωfmm 0.942
Mrads

sec


Frequency modulation index: mfm 8

Tfmm

Tcfm
20

ωcfm

ωfmm
20

mfm 8 kisl 30 30

tfmsl Tfmm 0 Tfmm 0
10 Tfmm Tfmm 0

20000
 10 Tfmm

0 0.05 0.1 0.15 0.2

0.2

0.1

0

0.1

0.2

FM test signal

Afm

0 V

Tcfm

Tfmm

20 10 0 10 20
0

0.02

0.04

0.06

0.08
FM Spectrum (sinus. test signal)

Afm Jn kisl mfm 

kisl
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0 0.5 1 1.5 2 2.5 3 3.5 4

0.2

0.1
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0.1
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FM Waveform

0V7fm tfmsl ωcfm ωfmm Afm mfm Ngd 

tfmsl

Tcfm
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 29 FM test signal (triangular wave)

tfmwsl 0 Tfmm
10 Tfmm 0 Tfmm

1000
 10 Tfmm

0 1.25 2.5 3.75 5
20

10

0

10

20
Modulating Signal

Bfmm

Bfmm

vtri0 tfmwsl Tfmm Bfmm Ngd 

1

tfmwsl

Tfmm

0 1.25 2.5 3.75 5
2 10

5

1 10
5

0

1 10
5

2 10
5

Time Integral 

0

Bfmm

Tfmm

8


1

ffmm
1

Tfmm
Kstfmsl

mfm ωfmm

2 π Bfmm


0 25 50 75 100 125 150 175 200

0.2

0.1

0

0.1

0.2

FM test Waveform

AfmTfmm

Tcfm

1
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   30 PM  test signal (single tone)

Carrier Amplitude:.......................................................:     Apm 20 V ,                 Apm 20 V

   Carrier Frequency......................................................:      fcpm 0.12 MHz  ,

   Carrier period...............................................................:    Tcpm 8.333 10
3 ns ,

   Angular frequency of the carrier.................................:    ωcpm 7.54 10
4

Grads

sec
 ,

37

   Amplitude of the modulating signal....................  ....:     Bpm 5V ,

   Modulating signal period...........................................:    Tpmm 83.333 μs    ,

   Frequency of the harmonic modulating signal.........:     fpmm 0.012 MHz  ,     
Tpmm

Tcpm
10 ,

   Angular frequency of the  modulating signal:...........:    ωpmm 0.075
Mrads

sec
 .

Phase modulation index...............................................:    mpm 5 rad

Phase-sensitivity factor.................................................:    kpm 1
rad

V


mpm 5 Apm 20Vtpm Tcpm 0 Tcpm 0
40 Tcpm 0 Tcpm

4000
 40 Tcpm

0 1 10
5 2 10

5 3 10
5

20

10

0

10

20

PM (single tone) Waveform

Apm

0 V

Tcpm

0 10 20 30
0

5

10

PM Spectrum
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   31 PM test signal (triangular wave)

vmtri tsl  vtri0 tsl Tpmm Apm N0gd 
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   32 Staircase based test signal 
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  33 Bipolar Double Exponential Pulse Train   
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  34 Bipolar Double Exponential Odd symmetric Pulse Train   
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  35 Agnesi Profile Voltage Pulse Train   
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  36 Agnesi Derivative Profile Voltage Pulse Train   

0 0.0025 0.0050.0075 0.01 0.0125 0.0150.0175 0.02 0.0225 0.0250.0275 0.03 0.0325 0.0350.0375 0.04
8.57

6.43

4.29

2.14

0

2.14

4.29

6.43

8.57
Bipolar Double Exponential Pulse Train

3 3 Vpp

8


3 3 Vpp

8
Tbdeppsl

40



  TEST Waveforms

    Periodic Waveforms

  37 Poisson Profile Voltage Pulse Train   
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  38 Poisson  Derivative Profile Voltage Pulse Train   
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   39 Rayleigh Profile Voltage Pulse Train
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   40 Cap. Charge and Discharge  Pulse Train 

pulse width: pwsl 20 μs

time constant τsl
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   41 Induct Charge and Discharge Pulse Train 

Tind 6 T0gd
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   42 Parbolic Cusps Pulse Train 

Signal amplitude: Vpp 12 V

Pulse width: pwsl 20 μs

Duty cycle: δcysl γ

Period: Tpcsp
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Max pulse amplitude and cusp ratio: app1
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   43 Elliptic Cusps Pulse Train 

Signal amplitude: Vpp 12 V

Pulse width: pwsl 20 μs

Duty cycle: δcysl γ

Period: T0csp2
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Max pulse amplitude and cusp ratio: ape
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