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    INTRODUCTION

 This worksheet is a collection of some common (and not), signals used in electronics. It deals with the harmonic analysis of
periodic signals satisfying the Dirichlet conditions. For each one first, it is plotted a graph, then is calculated its bandwidth in
order to do a correct sampling of it.  The Fourier harmonics and phase, are plotted in two graphs. Then, the sampled signal
is rebuilt with the Shannon interpolation formula. Given the sampled signal, the fft function is applied and plotted to compare
the result (first 18 functions only). The previous procedure is repeated for each signal (43). The numerical results are
compared with the analytical one only for example 3 and 18. In some cases, calculating the signal bandwidth takes a long
time.  
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. 
Hence, to change the data, one must open the relative file and modify them. Then one should save and close both files
(relative file data and this one) to store the data variations done, then one can reopen "Waveforms & Spectra". 

Units: Mrads and Grads stand for 10
6

rad  and 10
9

rad    
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                                      PERIODIC WAVEFORMS' FREQUENCY SPECTRA
  TEST Waveforms

           Periodic Waveforms      Periodic Waveforms      Periodic Waveforms
 1) Half wave 

Data file " general data.xmcd"

Amplitude: B1hw 230 2 V

fhw
1

T0gd
 Thw T0gd Angular frequency: ωhw

2 π
T0gd

 Thw 1 ms

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

Half wave

0

B1hw

g1hw ttw07_ Thw B1hw N0gd 

T0gd0

ttw07_

Vhw t( ) g1hw t Thw B1hw N0gd  B1hw 325.269V

hws SPCT Vhw rtgd N1_ 0 sec Thw  N1_ 50

j2sa 0 rows hws0  1

3.14 10
3 5.11 10

3 1.34 10
4 2.16 10

4 2.98 10
4 3.81 10

4 4.63 10
4 5.46 10

4 6.28 10
4

0

0.28

0.55

0.83

1.1
Signal's Amplitude Spectrum

0.02hws2

hws0 j2sa

ωhw0

j2sa ωhw

0 6.25 12.5 18.75 25 31.25 37.5 43.75 50
1.73

0.86

0

0.86

1.73
Phase of the N1_th order Fourier Polynomial

π

2


π

2

hws1 j2sa

j2sa

Bwsa hws3 Hz Bwsa 0.019 MHz

sampling frequency: fptso 2 Bwsa fptso 0.038 MHz

relerr hws7 relerr 10 %

k 0 2
8

1 nptk
k

fptso
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Frequency resolution: N0gd

fptso

1

Thw
 6.737

Signal sampling: um2k
Vhw nptk 

um2
T 0 1 2 3 4

0 0 53.538 105.615 154.811 ...


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
100

12.5

125

237.5

350
Sampling

0

Vhw t( )

um2k

Thw

t nptk

relerr 10 % ωbw 2 π Bwsa ωbw 0.119
Mrads

sec
 n

π

ωbw
 n

1

2 Bwsa
=

Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s2sa t( )

0

N0gd 1

n

um2n
sinc ωbw t n π  













 N0gd 1 255 um212
297.873

rows um2  256

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
100

12.5

125

237.5

350
Signal Rebuilding from samples 

0

Vhw t( )

s2sa t( )

Thw

t

relerr 10 %

length um2  256

fptso 38 kHz

Spechw fft um2  length Spechw  129

l 0
N0gd

2


N0gd

2
128

0 3166.76333.3 9500 12666.715833.319000
0

500

1000

1500
max Spechw







Spechwl

1

Thw

2

Thw

l
fptso

N0gd


5

0 1055.62111.13166.7 4222.25277.86333.3
0

0.2

0.4

0.6

0.8

hws0 l

8
fptso

N0gd


2

Thw

l
fptso

N0gd
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  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 1 10
3 μs ,

Pulsation: ωhw
2 π
Thw

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

B1hw 325.269 V Vhwf t( ) g2hw t τhw1 τtpa ζhw ωhw B1hw Vtpv N0gd 

hwf SPCT Vhwf rtgd N1_ 0 sec T0gd  N1_ 50

j2sa 0 rows hws0  1

3.14 10
3 5.11 10

3 1.34 10
4 2.16 10

4 2.98 10
4 3.81 10

4 4.63 10
4 5.46 10

4 6.28 10
4

0

0.28

0.55

0.83

1.1
Signal's Amplitude Spectrum

0.02hws2

hwf0 j2sa

ωhw0

j2sa ωhw
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0 6.25 12.5 18.75 25 31.25 37.5 43.75 50
1.73

0.86

0

0.86

1.73
Phase of the N1_th order Fourier Polynomial

π

2


π

2

hwf1 j2sa

j2sa

Bwsa hwf 3 Hz

Bwsa 0.048 MHz

sampling frequency: fptso 2 Bwsa fptso 0.096 MHz

nptk
k

fptso


Frequency resolution:
N0gd

fptso

1

T0gd
 2.667

um3k
Vhwf nptk 

um3
T 0 1 2 3 4 5 6 7 8 9

0 0 21.274 42.456 63.457 84.186 104.554 124.475 143.863 162.635 ...


0 2.5 10
4 5 10

4 7.5 10
4 1 10

3 1.25 10
3 1.5 10

3 1.75 10
3 2 10

3
0

87.5

175

262.5

350
Sampling

0

Vhwf t( )

um3k

T0gd

t nptk

relerr 10 % ωbwr 2 π Bwsa ωbwr 0.302
Mrads

sec
 n

π

ωbwr
 n

1

2 Bwsa
=

Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s3sa t( )

0

N0gd 1

n

um3n
sinc ωbwr t n π  













 N0gd 1 255 relerr 10 %

0 2.5 10
4 5 10

4 7.5 10
4 1 10

3 1.25 10
3 1.5 10

3 1.75 10
3 2 10

3
100

12.5

125

237.5

350
Signal Rebuilding from samples 

0

Vhwf t( )

s3sa t( )

t
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Symbol frequency:
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  TEST Waveforms

    Periodic Waveforms
    3 Double Half wave    

Tdhw

Thw

2
 ωdhw

π

Tdhw
 g3 tsl Tdhw B1hw 

B1hw

V
sin

2 π
Thw

tsl









0 0.00025 0.0005 0.00075 0.001 0.00125 0.0015 0.00175 0.002

0

200

400

Double Half wave

0

B1hw

g3 ttw07_ Tdhw B1hw 

TdhwTdhw

ttw07_

Dirichlet conditions
A periodic function s(t)=s(t+T), can be expressed   by the  Fourier series provided that (Dirichlet conditions):
(1)  it is discontinuous and presents a finite number of discontinuities in the period T;
(2) has a limited average value in the period T;
(3) it has a finite number of maximum positive or negative.
If these conditions are met, the considered function can be developed in Fourier series in trigonometric form.

The Dirichlet conditions apply to:

 1) signals of energy for which holds:        

∞

∞

tsfs t( ) 2



d ∞   ,

 2) power signals for which holds: 
∞T

1

T
T

T

tsfs t( ) 2



d








lim


∞

Fourier series definition sfs t( )
a0

2
1

∞

k

ak cos ω k t( ) bk sin ω k t( ) 


=

The coefficients are  defined as follows:

a0

2
Afs=

1

T
t0

t0 T

tsfs t( )



d=

ak
2

T
t0

t0 T

tsfs t( ) cos ω k t( )



d=

bk
2

T
t0

t0 T

tsfs t( ) sin ω k t( )



d=

B1hw 325.269V sfs t( )
B1hw

V
sin

2 π
Thw

t









Tdhw Tdhw t t Thw Thw

a0

2
Afs=

2

Thw

B1hw

V


0

Thw

2

tsin
2 π
Thw

t













d=
2 B1hw

π V
=

10



ak
4

Thw

B1hw

V


0

Thw

2

tsin
2 π
Thw

t







cos
2 π
Thw

k t















d=
2 B1hw cos π k( ) 1( )

π V k
2

1 
=

bk
4

Thw

B1hw

V


0

Thw

2

tsin
2 π
Thw

t







sin
2 π
Thw

k t















d=
2 B1hw sin π k( )

π V k
2

1 
=

sfs t( )
2 B1hw

π V
1

1

∞

k

cos π k( ) 1( )

k
2

1 
cos ω k t( )

sin π k( )

k
2

1  sin ω k t( )





















= cos k π ω t( )[ ] 1( )
k

cos k ω t( )=

2 B1hw

π V
1

1

∞

k

cos ω k t( ) cos k π ω t( )[ ]

1 k
2
















2 B1hw

π V
1

1

∞

k

cos ω k t( ) 1( )
k

cos k ω t( )

1 k
2















=

2 B1hw

π V
1

1

∞

k

cos ω k t( ) 1( )
k

cos k ω t( )

1 k
2
















2 B1hw

π V
1

π cos ω t( ) i
2



2

∞

k

1 1( )
k  cos k ω t( )

1 k
2















=

1k

1 1( )
k  cos k ω t( )

1 k
2

lim


π cos ω t( ) i
2


1k

1 1( )
k  cos k ω t( )

1 k
2

lim


π cos ω t( ) i
2



sdhw t( )
2 B1hw

π V
1

π cos
2 π
Thw

t







 i

2


2

∞

k

1 1( )
k  cos k

2 π
Thw
 t










1 k
2


















=

sdhw t( )
2 B1hw

π V
1

π cos
2 π
Thw

t







 i

2


2

100

k

1 1( )
k  cos k

2 π
Thw
 t










1 k
2




















sdhw 0( ) 2.05 325.269i sdhw 0( ) 325.276 sdhw

Tdhw

2









325.249

B1hw 325.269 V Vdhw t( ) g3 t Thw B1hw  ωsa ωdhw 2
B1hw

π V
 207.073

dhws SPCT Vdhw rtgd N1_ 0 sec Tdhw  N1_ 50

j2sa 0 rows hws0  1

3.14 10
3 5.11 10

3 1.34 10
4 2.16 10

4 2.98 10
4 3.81 10

4 4.63 10
4 5.46 10

4 6.28 10
4

0

0.28

0.55

0.83

1.1
Signal's Amplitude Spectrum

0.02hws2

dhws0 j2sa

ωdhw0

j2sa ωhw
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0 6.25 12.5 18.75 25 31.25 37.5 43.75 50
1.73

0.86

0

0.86

1.73
Phase of the N1_th order Fourier Polynomial

π

2


π

2

dhws1 j2sa

j2sa
Bwsa dhws3 Hz

Bwsa 0.03 MHz

sampling frequency: fptso 2 Bwsa fptso 0.06 MHz

k 0 2
8

1 nptk
k

fptso


Frequency resolution: N0gd

fptso

1

Tdhw
 8.533

um3k
Vdhw nptk 

um3
T 0 1 2 3 4

0 0 34 67.627 100.514 ...


0 0.00013 0.00025 0.00038 0.0005 0.00063 0.00075 0.00088 0.001
0

87.5

175

262.5

350
Sampling

0

Vdhw t( )

um3k

Tdhw

t nptk

relerr 10 % ωbwr 2 π Bwsa ωbwr 0.188
Mrads

sec
 n

π

ωbwr
 n

1

2 Bwsa
=

Signal reconstruction according to the Shannon sampling theorem:

interpolation formula: s3sa t( )

0

N0gd 1

n

um3n
sinc ωbwr t n π  













 N0gd 1 255 relerr 10 %

0 0.00025 0.0005 0.00075 0.001 0.00125 0.0015 0.00175 0.002
100

12.5

125

237.5

350
Signal Rebuilding from samples 

0

Vdhw t( )

s3sa t( )

Tdhw

t
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0 0.00019 0.00038 0.00056 0.00075 0.00094 0.00113 0.00131 0.0015
1

86.75

174.5

262.25

350
Signal Rebuilding from samples 

0

Vdhw t( )

s3sa t( )

Re sdhw t( ) 
Im sdhw t( ) 

Tdhw

t

0 0.00042 0.00083 0.00125 0.00167 0.00208 0.0025 0.00292 0.00333 0.00375 0.00417 0.00458 0.005
400

305.3

210.6

115.8

21.1

73.6

168.3

263.1

357.8

0A
Re sdhw t( ) 
Im sdhw t( ) 

t

length um2  256

fptso 60 kHz

Spec3hw fft um3  length Spec3hw  129

l 0
N0gd

2


N0gd

2
128

600 4500 9600 14700 19800 24900 30000
0

1000

2000

3000
max Spec3hw







Spec3hwl

1

Thw

2

Thw

l
fptso

N0gd


600 1166.72933.3 4700 6466.78233.3 10000
0

0.5

1

dhws0 l

0

l
fptso

N0gd
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  TEST Waveforms

    Periodic Waveforms
     4 Double Half wave filtered     

Vppt B1hw sin ωhw τtpa1
  e

τtpa1

τhw1 θdhw Z1 τhw1 ωhw B1hw Vppt  rip1

B1hw

V

B1hw

V
sin ωhw θdhw 

B1hw

V



Vppt 369.746V

0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008
0

100

200

300

Ripple

B1hw

V
sin ωhw θdhw 

B1hw

V

τtpa1 θdhw 5
Thw

2


B1hw 325.269V Vdhwf t( ) g4 t τhw1 τtpa θdhw ωhw B1hw Vppt N0gd 

dhwf SPCT Vdhwf rtgd N1_ 0 sec Tdhw  N1_ 50

j2sa 0 rows dhws0  1

3141.59 5105.09 13351.77 21598.45 29845.13 38091.81 46338.49 54585.17 62831.85
0

0.28

0.55

0.83

1.1
Signal's Amplitude Spectrum

0.02hws2

dhwf0 j2sa

ωdhw0

j2sa ωdhw

0 6.25 12.5 18.75 25 31.25 37.5 43.75 50
2

1.07

0.14

0.8

1.73
Phase of the N1_th order Fourier Polynomial

π

2


π

2

dhwf1 j2sa

j2sa

Bwsa dhwf 3 Hz

Bwsa 0.096 MHz

sampling frequency: fptso 2 Bwsa fptso 0.192 MHz

nptk
k

fptso
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Frequency resolution: N0gd

fptso

1

Tdhw
 2.667

um4k
Vdhwf nptk 

um4
T 0 1 2 3 4 5 6

0 0 10.643 21.274 31.882 42.456 52.985 ...


0 1.25 10
4 2.5 10

4 3.75 10
4 5 10

4 6.25 10
4 7.5 10

4 8.75 10
4 1 10

3
0

87.5

175

262.5

350
Sampling

0

Vdhwf t( )

um4k

Tdhw

t nptk

relerr 10 % ωbwr 2 π Bwsa ωbwr 0.603
Mrads

sec
 n

π

ωbwr
 n

1

2 Bwsa
=

Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s4sa t( )

0

N0gd 1

n

um4n
sinc ωbwr t n π  













 N0gd 1 255 relerr 10 %

0 0.00019 0.00038 0.00056 0.00075 0.00094 0.00113 0.00131 0.0015
100

12.5

125

237.5

350
Signal Rebuilding from samples 

0

Vdhwf t( )

s4sa t( )

t

length um4  256

fptso 192 kHz

Spec4hw fft um4  length Spec4hw  129

l 0
N0gd

2


N0gd

2
128

1920 14400 30720 47040 63360 79680 96000
0

1000

2000

3000

4000
max Spec4hw







Spec4hwl

1

Thw

2

Thw

l
fptso

N0gd


15

1920 3733.39386.7 1504020693.326346.732000
0

0.5

1

dhwf0 l

0

l
fptso

N0gd


  TEST Waveforms

    Periodic Waveforms
     5 Voltage Pulse Train 

Data file "  pulse  train data.xmcd"

Vip t( ) Vip1 t Tptd_ τptdδ0_ δptd_ Bptd N0gd 

0.001 0.00038 0.00025 0.00088 0.0015 0.00213 0.00275 0.00338 0.004

0

5

10

Voltage Pulse Train 

0

Bptd

Vip ttw7_ 

Tptd_ τptdδ0_τptdδ0_

ttw7_

Vpt SPCT Vip rtgd N1_ 0 sec Tptd_  N1_ 50

j2sa 0 rows dhws0  1 ωptd_ 6.283 10
3

Mrads

s


3.14 10
3 1.3 10

4 2.91 10
4 4.52 10

4 6.13 10
4 7.74 10

4 9.35 10
4 1.1 10

5 1.26 10
5

0

0.28

0.55

0.83

1.1
Signal's Amplitude Spectrum

0.02hws2

Vpt0 j2sa

ωptd_0

j2sa ωptd_

0 6.25 12.5 18.75 25 31.25 37.5 43.75 50
2

1

0

1

2
Phase of the N1_th order Fourier Polynomial

π

2


π

2

Vpt1 j2sa

j2sa

Bwsa Vpt3 Hz

Bwsa 0.048 MHz

sampling frequency: fptso 2 Bwsa fptso 0.096 MHz

16



nptk
k

fptso


Frequency resolution:
N0gd

fptso

1

T0gd
 2.667

um5k
Vip nptk 

um5
T 0 1 2 3 4 5 6 7 8 9

0 6 12 12 12 12 12 12 12 12 ...


0 0.00019 0.00038 0.00056 0.00075 0.00094 0.00113 0.00131 0.0015
0

3.3

6.6

9.9

13.2
Sampling

0

Bptd

Vip t( )

um5k

T0gd

t nptk

relerr 10 % ωbwr 2 π Bwsa ωbwr 0.302
Mrads

sec
 n

π

ωbwr
 n

1

2 Bwsa
=

Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s5sa t( )

0

N0gd 1

n

um5n
sinc ωbwr t n π  













 N0gd 1 255 relerr 10 %

0 0.00019 0.00038 0.00056 0.00075 0.00094 0.00113 0.00131 0.0015
5

0.45

4.1

8.65

13.2
Signal Rebuilding from samples 

0

Vip t( )

s5sa t( )

t

length um5  256

fptso 96 kHz

Spec5hw fft um5  length Spec5hw  129

l 0
N0gd

2


N0gd

2
128

960 7200 15360 23520 31680 39840 48000
0

20

40

max Spec5hw






Spec5hwl

1

Thw

2

Thw

l
fptso

N0gd
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960 1866.74693.3 7520 10346.713173.316000
0

0.5

1

Vpt0 l

0

l
fptso

N0gd


  TEST Waveforms

    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_

0 2 10
4 4 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_

Viprf t( ) vptrf t Tptd_ τδrfpd δptd_ ωrfpd
Vrfpd

V
 N0gd











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

Viprf ttw8_ 

δptd_ 1

ttw8_

Tptd_

Vptrf SPCT Viprf rtgd N1_ 0 sec Tptd_  N1_ 50
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ωptd_ 6.283
krads

s
 j2sa 0 rows dhws0  1 ωrfpd 188.496

krads

s


3.14 10
3 3.65 10

4 7.62 10
4 1.16 10

5 1.56 10
5 1.95 10

5 2.35 10
5 2.74 10

5 3.14 10
5

0

0.28

0.55

0.83

1.1
Signal's Amplitude Spectrum

0.02hws2

Vptrf0 j2sa

ωptd_ ωrfpd

j2sa ωptd_

0 6.25 12.5 18.75 25 31.25 37.5 43.75 50
1.73

0.86

0

0.86

1.73
Phase of the N1_th order Fourier Polynomial

π

2


π

2

Vptrf1 j2sa

j2sa

Bwsa Vptrf 3 Hz

Bwsa 0.048 MHz

sampling frequency: fptso 2 Bwsa fptso 0.096 MHz

nptk
k

fptso


Frequency resolution:
N0gd

fptso

1

T0gd
 2.667

um6k
Viprf nptk 

um6
T 0 1 2 3 4

0 6 -4.592 -8.485 11.087 ...


0 0.00016 0.00031 0.00047 0.00063 0.00078 0.00094 0.00109 0.00125
13.2

6.6

0

6.6

13.2
Sampling

0

Bptd

Viprf t( )

um6k

T0gd

t nptk

relerr 10 % ωbwr 2 π Bwsa ωbwr 0.302
Mrads

sec
 n

π

ωbwr
 n

1

2 Bwsa
=

Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s6sa t( )

0

N0gd 1

n

um6n
sinc ωbwr t n π  













 N0gd 1 255 relerr 10 %
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0 0.00016 0.00031 0.00047 0.00063 0.00078 0.00094 0.00109 0.00125
13.2

6.6

0

6.6

13.2
Signal Rebuilding from samples 

0
Viprf t( )

s6sa t( )

t

length um6  256

fptso 96 kHz

Spec6hw fft um6  length Spec6hw  129

l 0
N0gd

2


N0gd

2
128

960 7200 15360 23520 31680 39840 48000
0

10

20

30
max Spec6hw







Spec6hwl

1

Thw

2

Thw

l
fptso

N0gd


960 1866.74693.3 7520 10346.713173.316000
0

0.5

1

Vptrf0 l

0

l
fptso

N0gd
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  TEST Waveforms

    Periodic Waveforms
  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


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_

Vsqw t( ) V
1

vsqw t T0gd Vpp N0gd 

Vsqw SPCT Vsqw rtgd N1_ 0 sec T0gd  N1_ 50

j2sa 0 rows dhws0  1 ωptd_ 6.283 10
3

Mrads

s


3.14 10
3 2.08 10

4 4.48 10
4 6.87 10

4 9.27 10
4 1.17 10

5 1.41 10
5 1.65 10

5 1.88 10
5

0

0.28

0.55

0.83

1.1
Signal's Amplitude Spectrum

0.02hws2

Vsqw0 j2sa

ωptd_0

j2sa ωptd_

0 6.25 12.5 18.75 25 31.25 37.5 43.75 50
1.73

0.86

0

0.86

1.73
Phase of the N1_th order Fourier Polynomial

π

2


π

2

Vsqw1 j2sa

j2sa

Bwsa Vsqw3 Hz

Bwsa 0.048 MHz

sampling frequency: fptso 2 Bwsa fptso 0.096 MHz

nptk
k

fptso


Frequency resolution:
N0gd

fptso

1

T0gd
 2.667
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um7k
Vsqw nptk 

um6
T 0 1 2 3 4

0 6 -4.592 -8.485 11.087 ...


0 0.00016 0.00031 0.00047 0.00063 0.00078 0.00094 0.00109 0.00125
13.2

6.6

0

6.6

13.2
Sampling

0

Bptd

Vsqw t( )

um7k

T0gd

t nptk

relerr 10 % ωbwr 2 π Bwsa ωbwr 0.302
Mrads

sec
 n

π

ωbwr
 n

1

2 Bwsa
=

Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s7sa t( )

0

N0gd 1

n

um7n
sinc ωbwr t n π  













 N0gd 1 255 relerr 10 %

0 0.00028 0.00056 0.00084 0.00113 0.00141 0.00169 0.00197 0.00225
13.2

6.6

0

6.6

13.2
Signal Rebuilding from samples 

0

Vsqw t( )

s7sa t( )

t

length um7  256

fptso 96 kHz

Spec7hw fft um7  length Spec7hw  129

l 0
N0gd

2


N0gd

2
128

960 7200 15360 23520 31680 39840 48000
0

50

100 max Spec7hw






Spec7hwl

1

Thw

2

Thw

l
fptso

N0gd
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l
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  TEST Waveforms

    Periodic Waveforms
 8 Bipolar Square Wave  1

Data file " pulse train  data.xmcd"

Signal amplitude: Vpp 12 V

Square wave period: T0gd 1 10
6 ns ξtwsl ξptd_

ωptd_ 6.283 10
6

Grads

sec
 τδsl τptd_ 1 ξtwsl 

τptd_ 2.5 10
4 s

Vsqw1 t( ) V6 t τδsl τptd_ Tptd_ Vpp N0gd 

0 0.0005 0.001 0.0015 0.002 0.0025 0.003 0.0035 0.004

10

0

10

Bipolar Square Wave 1

0

Vpp

V

Vsqw1 ttw8_ 

τptd_ Tptd_

ttw8_

Vsqw1 SPCT Vsqw1 rtgd N1_ τptd_ Tptd_  N1_ 50

j2sa 0 rows Vsqw10  1 ωptd_ 6.283
krads

s


3.14 10
3 2.87 10

4 6.05 10
4 9.23 10

4 1.24 10
5 1.56 10

5 1.88 10
5 2.2 10

5 2.51 10
5

0

0.28

0.55

0.83

1.1
Signal's Amplitude Spectrum

0.02hws2

Vsqw10 j2sa

ωptd_0

j2sa ωptd_

23

0 6.25 12.5 18.75 25 31.25 37.5 43.75 50
1.73

0.86

0

0.86

1.73
Phase of the N1_th order Fourier Polynomial

π

2


π

2

Vsqw11 j2sa

j2sa

Bwsa Vsqw13 Hz

Bwsa 0.048 MHz

sampling frequency: fptso 2 Bwsa fptso 0.096 MHz

nptk
k

fptso


Frequency resolution:
N0gd

fptso

1

T0gd
 2.667

um8k
Vsqw1 nptk 

um8
T 0 1 2 3 4 5 6 7 8 9

0 0 0 0 0 0 0 0 0 0 ...


0 0.00016 0.00031 0.00047 0.00063 0.00078 0.00094 0.00109 0.00125
13.2

6.6

0

6.6

13.2
Sampling

0

Bptd

Vsqw1 t( )

um8k

T0gd

t nptk

relerr 10 % ωbwr 2 π Bwsa ωbwr 0.302
Mrads

sec
 n

π

ωbwr
 n

1

2 Bwsa
=

Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s8sa t( )

0

N0gd 1

n

um8n
sinc ωbwr t n π  













 N0gd 1 255 relerr 10 %

0 0.00028 0.00056 0.00084 0.00113 0.00141 0.00169 0.00197 0.00225
13.2

6.6

0

6.6

13.2
Signal Rebuilding from samples 

0

Vsqw1 t( )

s8sa t( )

t

length um8  256
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fptso 96 kHz

Spec8hw fft um8  length Spec8hw  129

l 0
N0gd

2


N0gd

2
128

960 7200 15360 23520 31680 39840 48000
0

20

40

60
max Spec8hw







Spec8hwl

1

Thw

2

Thw

l
fptso

N0gd


960 1866.74693.3 7520 10346.713173.316000
0

0.5

1

Vsqw10 l

0

l
fptso

N0gd


  TEST Waveforms

    Periodic Waveforms
    9 Staircase 1 Voltage  Pulse Train

  Description of the Function's parameters: vstcp tsl period signal_amplitude number_of_steps max_number_of_periods ,
                                                                    : vstc tsl step_length signal_amplitude number_of_steps max_number_of_periods 
  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
ω1stpl

2 π
T1stpl_



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

2000
 10 Tstcpt

Vstcp t( )
vstcp t Tstcpt Vstcs m1steps N0gd 

V


25

0.25 0.0313 0.3125 0.5938 0.875 1.1563 1.4375 1.7188 2
0

0.01

0.02

Periodic Staircase 1

Vstcs

Vstcstp0

Vstcp tstw 
0 V

1T1stpl_

Tstcpt

tstw

Tstcpt

Vstcp SPCT Vstcp rtgd N1_ 0 s Tstcpt  N1_ 50

j2sa 0 rows Vstcp0  1 ωptd_ 6.283 10
3

Mrads

s


3.14 10
3 2.87 10

4 6.05 10
4 9.23 10

4 1.24 10
5 1.56 10

5 1.88 10
5 2.2 10

5 2.51 10
5

0

0.28

0.55

0.83

1.1
Signal's Amplitude Spectrum

0.02hws2

Vstcp0 j2sa

ωptd_0

j2sa ωptd_

0 6.25 12.5 18.75 25 31.25 37.5 43.75 50
1.73

0.86

0

0.86

1.73
Phase of the N1_th order Fourier Polynomial

π

2


π

2

Vstcp1 j2sa

j2sa

Bwsa Vstcp3 Hz

Bwsa 7.2 MHz

sampling frequency: fptso 2 Bwsa fptso 14.4 MHz

nptk
k

fptso


Frequency resolution:
N0gd

fptso

1

Tstcpt
 2.667

um9k
Vstcp nptk 

um9
T 0 1 2 3 4 5 6

0 -31.2·10 -32.4·10 -32.4·10 -32.4·10 -32.4·10 -32.4·10 ...
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1.67 10
6 2.08 10

7 1.25 10
6 2.71 10

6 4.17 10
6 5.63 10

6 7.08 10
6 8.54 10

6 1 10
5

1.92 10
3

3.84 10
3

9.6 10
3

0.0154

0.0211
Sampling

0

Vstcs

Vstcp t( )

um9k

0

t nptk

relerr 10 % ωbwr 2 π Bwsa ωbwr 45.239
Mrads

sec
 n

π

ωbwr
 n

1

2 Bwsa
=

Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s9sa t( )

0

N0gd 1

n

um9n
sinc ωbwr t n π  













 N0gd 1 255 relerr 10 %

0 1.25 10
6 2.5 10

6 3.75 10
6 5 10

6 6.25 10
6 7.5 10

6 8.75 10
6 1 10

5
1.92 10

3

3.84 10
3

9.6 10
3

0.0154

0.0211
Signal Rebuilding from samples 

0

Vstcs

Vstcp t( )

s9sa t( )

t

length um9  256

fptso 1.44 10
4 kHz

Spec9hw fft um9  length Spec9hw  129

l 0
N0gd

2


N0gd

2
128

144000 108000023040003528000475200059760007200000
0

0.02

0.04

0.06

0.08 max Spec9hw






Spec9hwl

1

Thw

2

Thw

l
fptso

N0gd


144000 2800007040001128000155200019760002400000
0

0.5

1

Vstcp0 l

0

l
fptso

N0gd
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  TEST Waveforms

    Periodic Waveforms
  10 Staircase 2 Voltage Pulse Train

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

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

tstw2_ 0 T2stp_ 0 T2stp_
10 T2stp_

2000
 10 T2stp_

Vstct t( )
vstct t T2stp_ Vstc_ m2steps_ N0gd 

V


0 0.5 1 1.5 2 2.5 3 3.5 4
0

5

10

Staircase 2 Wave

Vstc_

m2steps_

Vstc_

Vstct tstw2_ 

1

tstw2_

T2stp_

Vstct SPCT Vstct rtgd N1_ 0 s T2stp_  N1_ 50

j2sa 0 rows Vstct0  1 ωptd_ 6.283 10
3

Mrads

s


3.14 10
3 5.11 10

3 1.34 10
4 2.16 10

4 2.98 10
4 3.81 10

4 4.63 10
4 5.46 10

4 6.28 10
4

0

0.28

0.55

0.83

1.1
Signal's Amplitude Spectrum

0.02

Vstct0 j2sa

ωptd_0

j2sa ωptd_

0 6.25 12.5 18.75 25 31.25 37.5 43.75 50
1.73

0.86

0

0.86

1.73
Phase of the N1_th order Fourier Polynomial

π

2


π

2

Vstct1 j2sa

j2sa

Bwsa Vstct3 Hz

Bwsa 0.667 MHz

sampling frequency: fptso 2 Bwsa fptso 1.333 MHz

28



nptk
k

fptso


Frequency resolution:
N0gd

fptso

1

T2stp_
 2.667

um10k
Vstct nptk 

um10
T 0 1 2 3 4 5 6 7 8

0 0 0 0 0 0 0 0.75 1.5 ...


0 1.8 10
5 3.6 10

5 5.4 10
5 7.2 10

5 9 10
5 1.08 10

4 1.26 10
4 1.44 10

4
1.92 10

3

3.29856

6.59904

9.89952

13.2
Sampling

0

Vstc_

Vstct t( )

um10k

t nptk

relerr 10 % ωbwr 2 π Bwsa ωbwr 4.189
Mrads

sec
 n

π

ωbwr
 n

1

2 Bwsa
=

Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s10sa t( )

0

N0gd 1

n

um10n
sinc ωbwr t n π  













 N0gd 1 255 relerr 10 %

0 1.35 10
5 2.7 10

5 4.05 10
5 5.4 10

5 6.75 10
5 8.1 10

5 9.45 10
5 1.08 10

4
1.92 10

3

3.29856

6.59904

9.89952

13.2
Signal Rebuilding from samples 

0Vstcs

Vstct t( )

s10sa t( )

t

length um10  256

fptso 1.333 10
3 kHz

Spec10hw fft um10  length Spec10hw  129
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l 0
N0gd

2


N0gd

2
128

0 200000 400000 600000
0

50

100 max Spec10hw






Spec10hwl

1

Thw

2

Thw

l
fptso

N0gd


0 100000 200000
0

0.5

1

Vstct0 l

0

l
fptso

N0gd


  TEST Waveforms

    Periodic Waveforms

  11 Staircase 2 Voltage Pulse Train + sinus

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

Vstcts t( ) Vstcsin t T2stp_ Vstc_ m2steps_ N0gd 

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

Vstcts tstw2_ 

T2stpl_

T2stp_

1

tstw2_

T2stp_

0 0 0 0 0 0 0 0 0.0001 0.0001 0.0001 0.0001 0.0001
2

0

2

4

6

8

10

12

14

Vstc_

Vstcts t( )

T2stp_

t

N1_ 25 Vstcts SPCT Vstcts rtgd N1_ 0 s T2stp_ 

N1_ 25

30



j2sa 0 rows Vstcts0  1 ωptd_ 6.283
krads

s


3.14 10
3 1.3 10

4 2.91 10
4 4.52 10

4 6.13 10
4 7.74 10

4 9.35 10
4 1.1 10

5 1.26 10
5

0

0.28

0.55

0.83

1.1
Signal's Amplitude Spectrum

0.02

Vstcts0 j2sa

ωptd_

j2sa ωptd_

0 3.13 6.25 9.38 12.5 15.63 18.75 21.88 25
1.73

0.86

0

0.86

1.73
Phase of the N1_th order Fourier Polynomial

π

2


π

2

Vstcts1 j2sa

j2sa

Bwsa Vstcts3 Hz

Bwsa 0.319 MHz

sampling frequency: fptso 2 Bwsa fptso 0.639 MHz

nptk
k

fptso


Frequency resolution:
N0gd

fptso

1

T2stp_
 5.565

um11k
Vstcts nptk 

um11
T 0 1 2 3 4

0 0 0.237 -0.367 1.833 ...


0 1.8 10
5 3.6 10

5 5.4 10
5 7.2 10

5 9 10
5 1.08 10

4 1.26 10
4 1.44 10

4
1.2

2.4

6

9.6

13.2
Sampling

0

Vstc_

Vstcts t( )

um11k

t nptk

relerr 10 % ωbwr 2 π Bwsa ωbwr 2.007
Mrads

sec
 n

π

ωbwr
 n

1

2 Bwsa
=

Signal reconstruction according to the Shannon sampling theorem:

31

interpolation formula s11sa t( )

0

N0gd 1

n

um11n
sinc ωbwr t n π  













 N0gd 1 255 relerr 10 %

0 1.35 10
5 2.7 10

5 4.05 10
5 5.4 10

5 6.75 10
5 8.1 10

5 9.45 10
5 1.08 10

4
1.92 10

3

3.29856

6.59904

9.89952

13.2
Signal Rebuilding from samples 

0Vstcs

Vstcts t( )

s11sa t( )

t

N1_ 25

length um11  256

fptso 638.889 kHz

Spec11hw fft um11  length Spec11hw  129

l 0
N0gd

2


N0gd

2
128

0 100000 200000 300000
0

50

100 max Spec11hw






Spec11hwl

1

Thw

2

Thw

l
fptso

N0gd


0 50000 100000
0

0.5

1

Vstcts0 l

0

l
fptso

N0gd
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  TEST Waveforms

    Periodic Waveforms
12 Staircase 3 Voltage Pulse Train

  Description of the Function's parameters: vstct tsl period step_amplitude number_of_steps max_number_of_periods ,
                                                                       : vstctA0 tsl period step_amplitude number_of_steps max_number_of_periods( ) 

You can find the data in "staircase 3 pulse data.xmcd"

VstctA0 t( )
vstctA0 t Tstc3stcp_ Vstc3_ mstc3steps_ N0gd 

V
 N1_ 25

0 0.5 1 1.5 2 2.5 3 3.5 4

0.005

0

0.005

Periodic Bipolar Staircase 3

Vstc3_

2


Vstc3_

2

VstctA0 tstw2_ 
0.0

Tstc3stpl_

Tstc3stcp_

1

tstw2_

Tstc3stcp_

VstctA0 SPCT VstctA0 rtgd N1_ 0 s Tstc3stcp_  N1_ 25

j2sa 0 rows VstctA00  1 ωptd_ 6.283 10
3

Mrads

s


3.14 10
3 1.3 10

4 2.91 10
4 4.52 10

4 6.13 10
4 7.74 10

4 9.35 10
4 1.1 10

5 1.26 10
5

0

0.28

0.55

0.83

1.1
Signal's Amplitude Spectrum

0.02

VstctA00 j2sa

ωptd_

j2sa ωptd_

0 3.13 6.25 9.38 12.5 15.63 18.75 21.88 25
1.73

0.86

0

0.86

1.73
Phase of the N1_th order Fourier Polynomial

π

2


π

2

VstctA01 j2sa

j2sa

Bwsa VstctA03 Hz

Bwsa 0.328 MHz

sampling frequency: fptso 2 Bwsa fptso 0.656 MHz

33

nptk
k

fptso


Frequency resolution:
N0gd

fptso

1

T2stp_
 5.418

um12k
VstctA0 nptk 

um12
T 0 1 2 3 4 5

0 -3-6·10 -3-6·10 -3-6·10 -3-4.5·10 -3-4.5·10 ...


0 1.6 10
5 3.2 10

5 4.8 10
5 6.4 10

5 8 10
5 9.6 10

5 1.12 10
4 1.28 10

4
6.6 10

3

3.3 10
3

0

3.3 10
3

6.6 10
3

Sampling

0

Vstc3_

2

VstctA0 t( )

um12k

Tstc3stcp_

t nptk

relerr 10 % ωbwr 2 π Bwsa ωbwr 2.062
Mrads

sec
 n

π

ωbwr
 n

1

2 Bwsa
=

Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s12sa t( )

0

N0gd 1

n

um12n
sinc ωbwr t n π  













 N0gd 1 255 relerr 10 %

0 1.2 10
5 2.4 10

5 3.6 10
5 4.8 10

5 6 10
5 7.2 10

5 8.4 10
5 9.6 10

5
6.6 10

3

3.3 10
3

0

3.3 10
3

6.6 10
3

Signal Rebuilding from samples 

0

Vstc3_

2

VstctA0 t( )

s12sa t( )

t

N1_ 25

length um12  256

fptso 656.25 kHz
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  TEST Waveforms

    Periodic Waveforms
13 Staircase 3 Voltage Pulse Train + sinus

VA0s t( ) VistctA0sin t Tstc3stcp_ Vstc3_ mstc3steps_ N0gd 
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Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s13sa t( )
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  TEST Waveforms

    Periodic Waveforms

  14 Staircase 4 Voltage Pulse Train

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

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

Step 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

ω44stcp_ 2.495 10
5

rad

sec


Description of the Function's parameters : vstc1p(time, step length, max amplitude, number of steps) 
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Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s14sa t( )
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  TEST Waveforms

    Periodic Waveforms
 15 Bipolar Triangular Voltage Wave  

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

Time constant: τtwtsl 1 μs

Period: T9sl 4 τtwtsl f9sl
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  Bipolar Triangular Voltage Wave Built using the Step Function 
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Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s15sa t( )
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  TEST Waveforms

    Periodic Waveforms
 16  Triangular Cusps Voltage Pulse Train

Signal amplitude: Vpp 12 V

Pulse width: pwsl τptd_ pwsl 250 μs

Max pulse amplitude and cusp ratio: apsl
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Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s16sa t( )
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  TEST Waveforms

    Periodic Waveforms
 17 Bipolar Sawtooth with positive slope   Pulse Train               

Period: Tsawth_ 1 δsawth_

Frequency: fsawth_
1
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Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s17sa t( )
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  TEST Waveforms

    Periodic Waveforms
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_
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Dirichlet conditions
A periodic function s(t)=s(t+T), can be expressed   by the  Fourier series provided that (Dirichlet conditions):
(1)  it is discontinuous and presents a finite number of discontinuities in the period T;
(2) has a limited average value in the period T;
(3) it has a finite number of maximum positive or negative.
If these conditions are met, the considered function can be developed in Fourier series in trigonometric form.

The Dirichlet conditions apply to:

 1) signals of energy for which holds:        
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  TEST Waveforms

    Periodic Waveforms
   19 Bipolar Sawtooth with adjustable rising and falling edges  Pulse Train                  
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  TEST Waveforms

    Periodic Waveforms
   20 Dimensionless (RC) Pulse Train
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Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s20sa t( )
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  TEST Waveforms

    Periodic Waveforms
  21 Root Raised-Cosine (RC) Pulse Train
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Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s21sa t( )
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  TEST Waveforms

    Periodic Waveforms
   22 AM test signal (single tone)
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Signal reconstruction according to the Shannon sampling theorem:
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  TEST Waveforms

    Periodic Waveforms
   23 AM test signal  (triangular wave)   
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Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s23sa t( )
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  TEST Waveforms

    Periodic Waveforms
  24 AM DSBSC test signal (single tone )
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Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s24sa t( )
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  TEST Waveforms

    Periodic Waveforms
   25 AM DSBSC test signal (triangular wave)
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interpolation formula s25sa t( )

0

N0gd 1

n

um25n
sinc ωbwr t n π  













 N0gd 1 255 relerr 10 %

66



0 0.00017 0.00033 0.0005 0.00067 0.00083 0.001 0.00117 0.00133
240

120

0

120

240
Signal Rebuilding from samples 

v5dsbsc t( )

s25sa t( )

T2msl

t

67

  TEST Waveforms

    Periodic Waveforms
  26 AM SSBSC test signal (single tone )
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Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s26sa t( )
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  TEST Waveforms

    Periodic Waveforms
   27 AM SSBSC test signal (triangular wave)
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Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s27sa t( )
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  TEST Waveforms

    Periodic Waveforms
 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
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Angular frequency of the  single tone  modulating signal:
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sec
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Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s28sa t( )

0
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n

um28n
sinc ωbwr t n π  
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  TEST Waveforms

    Periodic Waveforms
 29 FM test signal (triangular wave)
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Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s29sa t( )
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 N0gd 1 255 relerr 10 %
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  TEST Waveforms

    Periodic Waveforms
   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
 ,

   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
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Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s30sa t( )
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  TEST Waveforms

    Periodic Waveforms
   31 PM test signal (triangular wave)
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Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s31sa t( )
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 N0gd 1 255 relerr 10 %
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  TEST Waveforms

    Periodic Waveforms
   32 Staircase based test signal 
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Frequency resolution:
N0gd

fptso
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 5.565

um32 
k

VH nptk 

um32
T 0 1 2 3 4 5 6 7 8 9

0 0 12 13.5 15 16.5 18 19.5 21 24 ...


0 4.68 10
5 9.36 10

5 1.404 10
4 1.872 10

4 2.34 10
4 2.808 10

4 3.276 10
4 3.744 10

4
1.2

9

19.2

29.4

39.6
Sampling

3 Vstc_

Vstc_

VH t( )

um32k

THsl

t nptk

relerr 10 % ωbwr 2 π Bwsa ωbwr 0.695
Mrads

sec
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2 Bwsa
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Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s32sa t( )
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n
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sinc ωbwr t n π  
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  TEST Waveforms

    Periodic Waveforms

  33 Bipolar Double Exponential Pulse Train   
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Frequency resolution:
N0gd

fptso

1

Tbdep
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Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s33sa t( )
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sinc ωbwr t n π  













 N0gd 1 255 relerr 10 %

0 1.8 10
3 3.6 10

3 5.4 10
3 7.2 10

3 9 10
3 0.0108 0.0126 0.0144

13.2

6.6

0

6.6

13.2
Signal Rebuilding from samples 

Vpp

Vpp

Vbdept t( )

s33sa t( )

Tbdep

t

88



  TEST Waveforms

    Periodic Waveforms

  34 Bipolar Double Exponential Odd symmetric Pulse Train   
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    Periodic Waveforms

  35 Agnesi Profile Voltage Pulse Train   
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Signal reconstruction according to the Shannon sampling theorem:
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    Periodic Waveforms

  36 Agnesi Derivative Profile Voltage Pulse Train   
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    Periodic Waveforms

  37 Poisson Profile Voltage Pulse Train   
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Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s37sa t( )
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  TEST Waveforms

    Periodic Waveforms

  38 Poisson  Derivative Profile Voltage Pulse Train   
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Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s38sa t( )
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  TEST Waveforms

    Periodic Waveforms

   39 Rayleigh Profile Voltage Pulse Train

0 1.25 2.5 3.75 5 6.25 7.5 8.75 10
0

2

4

6

8 Vpp

e

VRyp ttpw τptd_ Tppsl Vpp Ngd 

1 2

ttpw

Tppsl

ωryp
2 π

Tppsl
 VRyp t( )

VRyp t τptd_ Tppsl Vpp Ngd 
V



VRyp SPCT VRyp rtgd N1_ 0 s Tppsl  N1_ 50

j2sa 0 rows VRyp0  1 ωryp 2.513
krads

s


1.26 10
3 5.18 10

3 1.16 10
4 1.81 10

4 2.45 10
4 3.09 10

4 3.74 10
4 4.38 10

4 5.03 10
4

0

0.28

0.55

0.83

1.1
Signal's Amplitude Spectrum

0.02

VRyp0 j2sa

ωryp0

j2sa ωryp

0 6.25 12.5 18.75 25 31.25 37.5 43.75 50
1.73

0.86

0

0.86

1.73
Phase of the N1_th order Fourier Polynomial

π

2


π

2

VRyp1 j2sa

j2sa

Bwsa VRyp3 Hz

Bwsa 8 10
3 MHz

sampling frequency: fptso 2 Bwsa fptso 0.016 MHz

nptk
k

fptso


Frequency resolution:
N0gd

fptso

1

Tppsl
 6.4

99

um39 
k

VRyp nptk 

um39
T 0 1 2 3 4

0 0 2.908 5.295 6.794 ...


0 5.625 10
4 1.125 10

3 1.6875 10
3 2.25 10

3 2.8125 10
3 3.375 10

3 3.9375 10
3 4.5 10

3
1.2

1.1

3.4

5.7

8.01
Sampling

0

Vpp

e

VRyp t( )

um39k

Tppsl

t nptk

relerr 10 % ωbwr 2 π Bwsa ωbwr 0.05
Mrads

sec
 n

π

ωbwr
 n

1

2 Bwsa
=

Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s39sa t( )
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  TEST Waveforms

    Periodic Waveforms
   40 Cap. Charge and Discharge  Pulse Train 
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Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s40sa t( )
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    Periodic Waveforms
   41 Induct Charge and Discharge Pulse Train 
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   42 Parbolic Cusps Pulse Train 
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4 3.74 10

5 8.39 10
5 1.3 10

6 1.77 10
6 2.23 10

6 2.7 10
6 3.16 10

6 3.63 10
6

0

0.28

0.55

0.83

1.1
Signal's Amplitude Spectrum

0.02

Csp110 
j2sa

ωpcsp0

j2sa ωpcsp

0 6.25 12.5 18.75 25 31.25 37.5 43.75 50
1.73

0.86

0

0.86

1.73
Phase of the N1_th order Fourier Polynomial

π

2


π

2

Csp111 
j2sa

j2sa

Bwsa Csp113
Hz

Bwsa 1.385 MHz

sampling frequency: fptso 2 Bwsa fptso 2.771 MHz

nptk
k

fptso


Frequency resolution:
N0gd

fptso

1

Tpcsp
 2.667

um42k
Csp11 nptk 

um42
T 0 1 2 3 4 5 6 7

0 2.667 5.806 6.261 6.699 7.119 7.522 7.908 ...


0 7.8 10
6 1.56 10

5 2.34 10
5 3.12 10

5 3.9 10
5 4.68 10

5 5.46 10
5 6.24 10

5
1.2

2.4

6

9.6

13.2
Sampling

0

Vpp

Csp11 t( )

um42k

Tpcsp

t nptk

relerr 10 % ωbwr 2 π Bwsa ωbwr 8.704
Mrads

sec
 n

π

ωbwr
 n

1

2 Bwsa
=

Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s42sa t( )

0

N0gd 1

n

um42n
sinc ωbwr t n π  













 N0gd 1 255 relerr 10 %
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Signal Rebuilding from samples 
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  TEST Waveforms

    Periodic Waveforms
   43 Elliptic Cusps Pulse Train 

Signal amplitude: Vpp 12 V

Pulse width: pwsl 20 μs

Duty cycle: δcysl γ

Period: T0csp2

pwsl

δcysl


Max pulse amplitude and cusp ratio: ape
2

10


t22sl 0 T0csp2 0 T0csp2
10 T0csp2 0 T0csp2

1000
 10 T0csp2

0 0.75 1.5 2.25 3 3.75 4.5 5.25 6
0

3.6

7.2

10.8

14.4
Elliptic Cusp Pulses Train

Vpp

Vpp ape

csp22 t22sl pwsl ape T0csp2 Vpp N0gd 

pwsl

T0csp2

1

t22sl

T0csp2

Csp22 t( )
csp22 t pwsl ape T0csp2 Vpp N0gd 

V


Csp22 SPCT Csp22 rtgd N1_ 0 s T0csp2  N1_ 50

j2sa 0 rows Csp220  1 ωptd_ 6.283 10
3

Mrads

s


3.14 10
3 1.3 10

4 2.91 10
4 4.52 10

4 6.13 10
4 7.74 10

4 9.35 10
4 1.1 10

5 1.26 10
5

0

0.28

0.55

0.83

1.1
Signal's Amplitude Spectrum

0.02

Csp220 
j2sa

ωptd_0

j2sa ωptd_
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Phase of the N1_th order Fourier Polynomial

π

2


π

2

Csp221 
j2sa

j2sa

Bwsa Csp223
Hz

Bwsa 1.385 MHz

sampling frequency: fptso 2 Bwsa fptso 2.771 MHz

nptk
k

fptso


Frequency resolution:
N0gd

fptso

1

T0csp2
 2.667

um43k
Csp22 nptk 

um43
T 0 1 2 3 4 5 6 7

0 1.2 4.956 5.981 6.745 7.369 7.901 8.366 ...


0 6.5 10
6 1.3 10

5 1.95 10
5 2.6 10

5 3.25 10
5 3.9 10

5 4.55 10
5 5.2 10

5
1.2

2.4

6

9.6

13.2
Sampling

0

Vpp

Csp22 t( )

um43k

T0csp2

t nptk

relerr 10 % ωbwr 2 π Bwsa ωbwr 8.704
Mrads

sec
 n

π

ωbwr
 n

1

2 Bwsa
=

Signal reconstruction according to the Shannon sampling theorem:

interpolation formula s43sa t( )

0

N0gd 1

n

um43n
sinc ωbwr t n π  













 N0gd 1 255 relerr 10 %
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Signal Rebuilding from samples 
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