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Simulation of Power Converters Using Python

INSTALL PYTHON

Optional Features

Documentation

Installs the Python documentation file.
pip

Installs pip, which can download and install other Python packages.
tel/tk and IDLE

Installs tkinter and the IDLE development environment.

Python test suite
Installs the standard library test suite.

[] py launcher [J] for all users (requires elevation)

Use Programs and Features to remove the 'py’ launcher.

pgth?n

windows Back [rremm—| =———

https://www.anaconda.com/products/individual#windows
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Simulation of Power Converters Using Python

INSTALL numpy Package o 1

TP
T

| @& Python 3.7.4 Shell

1[File Edit Shell Debug Options Window Help BN Command Promet s pir o i e = | =) i
Python 3.7.4 (tags/v3.7.4:e08358112e, Jul 8 2018, 19:29:22) [MSC v.1916 32 bit 4 [FTS ey ramrrprry TP T |
(Intel)] on win32 Copyright (c> 288% Microsoft Corporation. A1l rights reserved.
Iype "help”, "copyright", "credits" or "license(}" for more information. - \Users\Admnin¥pip? install numpy
bt Collecting numpy

Dounloading https:ssfiles.pythonhosted. orgs/packages 723-2e-41a977865a8adBac?8b3|
f?ae421415cd2cd3£125b17%ab6b5F Faafbh?222d7/ numpy—1 .18 .5—cp3d?—cp3?m—win3d2 .vhl {10.8

== RESTART: D:\Python Program\Final GUI wp.py ==
ecent call last):

Iraceback (most

File ™ Program 1 GUI wp. ne 2, in <module> ’ 28x | I { 3.1MB 63kB/s eta B:02:81 PI P3 insta II n u m py
5>

")

nredn)

Ln:7 Col5 Ln:25 Col0
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Simulation of Power Converters Using Python

MATLAB
ndims{a)

numel{a)

size(a)
size(a,n)

[123;456 ]
[ab; cd]
a(end)

a(2,5)

al2,:)
afl:5,:)
a(end-4:end, :)

all:3,5:9)

al[2,4,5],[1,3])

Ds. MAHALINGAM

M@ET

COLLEGE OF ENGINEERING AND TECHNOLOGY
Enlightening Technical Minds

MumPy
ndim{a}) or a.ndim

size(a) Oor a.size

shape(a) or a.shape

a.shape[n-1]

array([[1.,2.,3.], [4.,5.,6.1])
block([[a,b], [c,d]])

a[-1]

a[1,4]

a[1] or a[1,:]
a[@:5] or a[:5] or a[@:5,:]
a[-5:]

a[@:3][:,4:9]

a[ix_([1,3,4],[0,2])]

Motes

get the number of dimensions of an
array

get the number of elements of an array
get the “size” of the matrix

get the number of elements of the n-th
dimension of array a. (Note that
MATLABE uses 1 based indexing while
Python uses 0 based indexing, Ses note
INDEXING)

2x3 matrix literal

construct a matrix from blocks a, b, <,
and d

access last element in the 1xn matrix a

access element in second row, fifth
column

entire second row of a
the first five rows of a
the last five rows of a

rows one to three and columns five to
nine of a. This gives read-only access,
rows 2,4 and 5 and columns 1 and 3.

This allows the matrix to be medified,
and doesn't require a regular slice.




Simulation of Power Converters Using Python

every other row of a, starting with the

a(3=2:21,: al| 2:21:2,: . .
( ) [ ] third and going to the twenty-first
every other row of a, starting with the
afl:2:end,:) af ::2,:] Y ’ g
first
a(end:-1:1,:) or flipud{a) al ::-1,:] a with rows in reverse order
a with copy of the first row appended
al([l:end 117,: a[r [:len(a),®
(I 1,2) [r_[:1en(a),0]] o the end
g.' a.transpose() or a.T transpose of a
a' a.conj().transpose() or a.conj().T conjugate transpose of a
a*h a b matrix multiply
a .*b a*b element-wise multiply
a./b a/b element-wize divide
a."3 a**3 element-wise exponentiation
matrix whose ijth element is (a_ij = 0.5).
The Matlab resultis an array of Os and
(a>@.5) (a»@.5) .
15. The MumPy result is an array of the
boclean values False and True.
find(a>8.5) nonzero(a>@.5) find the indices where (a = 0.3)
extract the columms of a where vector
al:,find{v>@.5)) a[:,nonzero{v>8.5)[8]] g
v 0.5
extract the columms of a where column
a(:,find(v>8.5)) a[:,v.T>8.5] 2
vectorv > 0.5
a with elements less than 0.5 zeroed
ala«<d.5)=0 a[a<@.5]=0

out
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Simulation of Power Converters Using Python

a with elements less than 0.5 zeroed

a .* (ax@.5 a * (a»@.5
(a>0.5) (2>0.5) ot
af:) =3 a[:] = 3 set all values to the same scalar value
y=x y = x.copy() numpy assigns by reference
y=x(2,:) = x[1,:].copy() numpy slices are by reference
turn array into vector (note that this
y=x({:) y = x.flatten() Y (
forces a copy)
e arange(1l.,11.) or r_[1.:11.] or create an increasing vector (see note
' r_[1:18:107] RANGES)
R arange(le.)or r_[:18.] or create an increasing vector (see note
' r_[:9:105] RANGES)
[1:12]" arange(1l.,11.)[:, newaxis] create a column vector
3xd two-dimensional array full of 54-bit
zeros(3,4) zeros((3,4)) ) )
floating point zercs
3xdx5 three-dimensional array full of
zeros(3,4,5) zeros((3,4,5)) ) i )
B4-hit floating point zeros
3xd two-dimensional array full of 54-bit
ones{3,4) ones((3,4)) : ;
floating point ones
eye(3) eye(3) 3x3 identity matrix
diag{a) diag(a) vector of diagonal elements of a
square diagonal matrix whose nonzero
diag(a,0) diag(a,0) 9 £

values are the elements of a

dom.rand(3,4) or .
rand(3,4) random. rand(3,4) random 3x4 matrix
random.random_sample((3, 4))
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Importing Packages

i m po rt num py as n p SIMULATION OF POWER CONVERTERS

im PO rt tkinter as tk T e SINGLE PHASE CONTROLLED RECTIFIER-HALF CONTROLLER

RMS Value of Sine Wave |30 &~ Half Wave Controlled Rectifier e TNOL L
. Supply Frequency in Hz |50 " Full Wave Controlled Rectifier S ,/\ /-\ J/ il
I I I l po rt I I lat Simulation Time in secs  [0.06 i .

Bl : " Sin PWM Single Phase Inverter

Switching Frequency in Hz 1000 n

Modulation Index ’08— ¢ Single Phase Voltage Regulator § 0

Firing Angle in Degrees 45  DC Chopper \

~Type of Load (Select Ong)——————— /\ /‘\ /‘\

# RLoad R Valuein Ohms 100

 RL Load L Value (H) 0.1

from pylab import *

from scipy.optimize import *
py p : : p* MI HI 0.00 0.01 0.02 0.03 0.04 0.05 0.06
from matplotlib import 0000 R s 20

Current in Amps
= N

~

-—F"'/

—

—""/
-—F'"/

[=]
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Simulation of Power Converters Using Python

Initializing Window G
tia s do Lj

SIMULATION OF POWER CONVERTERS

import numpy as np

im PO rt tkinter as tk T | e SINGLE PHASE CONTROLLED RECTIFIER-HALF CONTROLLER

RMS Value of Sine Wave 230  Half Wave Controlled Rectifier

Supply F inHz |50 [\ /‘\ /—— INPUT VOLTAGE
H upply Frequency in Hz " Full Wave Controlled Rectifier 200 / A LOAD VOLTAGE
I I I l po rt I I lat Simulation Time in secs  [0.06 i .

e 2 " Sin PWM Single Phase Inverter

Switching Frequency in Hz 1000 n

Modulation Index 08 ¢ Single Phase Voltage Regulator § 0

Firing Angle in Degrees 45  DC Chopper \

—200 \/ \/ \/

~Type of Load (Select Ong)——————— /‘\ /‘\ /‘\

# RLoad R Valuein Ohms 100

 RL Load L Value (H) 0.1

from pylab import *

from scipy.optimize import *
py p : : p* MI HI 0.00 0.01 0.02 0.03 0.04 0.05 0.06
from matplotlib import 0000 R s 20

Current in Amps
= N

~

-—F"'/

—

—""/
-—F"'-/

[=]

win =tk Tk()
win.title("Simulation of Power Converters")
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“@ﬁ;\\

\&
p 2= x

a_title=tk.Label(win,text=|'SIMULATION OF POWER CONVERTERS', fg = "blue",bg = "yellow",font

a_title.grid(column=0, row=0, columnspan=3) = "Helvetica 16 bold italic")
Column 0 Column1 Column 2
¢ Simulation of Power Conver C=IEERL ]
Row Q > SIMULATION OF POWER CONVERTERS |
SINGLE PHASE CONTROLLED RECTIFIER-HALF CONTROLLER
~Simulation Parameters -Types of Converters (Select One, Simulate and Plot) | 5 ; ; 5 — INPUT VOLTAGE
RMS Value of Sine Wave  |230 &+ Half Wave Controlled Rectifier —— LOAD VOLTAGE
Supply Frequency in Hz |30 " Full Wave Controlled Rectifier 8 . :
ROW 1 """ » |l | simulation Time in secs  [0.06 e
" Sin PWM Single Phase Inverter
Switching Frequency in Hz [1000
Modulation Index Ir " Single Phase Voltage Regulator i i
- i -~ i i ; ; ; ; ;
Eamig ke 1 Usneees DTS DC Chopper 0.00 001 002 003  0.04 0.05  0.06

Row 2 ...... » || Type of Load (Select One)

 RLoad R Value in Ohms 100

" RL Load L Value (H) 0.1

Current in Amps

Row 3 ...... > SIMULATE | E

COLLEGE OF ENGINEERING AND TECHNOLOGY




Simulation of Power Converters Using Python

mighty = tk.LabelFrame(win, text=[Simulation Parameters’|

mighty.grid(column=0, row=1)
Column 0 Column1 Column 2

@ Simulation of Power Conver
Row Q- SIMULATION OF POWER CONVERTERS
SINGLE PHASE CDNTROLLED RECTIFIER HALF CONTROLLER

Simulation Parameters
RMS Value of Sine Wave

- Types of Converters (Select One, Simulate and Plot)
* Half Wave Controlled Rectifier

230
e " Full Wave Controlled Rectifier
0.06

%]
i)
ROW 1 sennned || Simulation Time in secs . ) )
e : " Sin PWM Single Phase Inverter
Switching Frequency in Hz [1000
Modnlation Tndex 08 " Single Phase Voltage Regulator
Firing Angle in Degrees 45 " DC Chopper

ROW 2 ITERYT) 2 _TFPEOfLDEd(SEIECtOneJ

 RLoad R Value in Ohms 100

" RL Load L Value (H) 0.1

Current in Amps

Rows3...... SIMULATEl E

M@ET
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“@ﬁ;\\

\N.24
3 o x g
contypes = tk.LabelFrame(win, text=[Types of Converters (Select One, Simulate and Plot) |

contypes.grid(column=1, row=1)
Column 0 Column 1 Colurr:m 2

@ Simulaticn of Po

Row O - [ " SIMULATION OF POWER CONVERTERS |

SINGLE PHASE CONTROLLED RECTIFIER-HALF CONTROLLER
~Simulation Parameters es of Converters (Select One, Simulate and Plof | — INPUT VOLTAGE
RMS Value of Sine Wave |30 &+ Half wave Controlled Rectifier i 7| —— LOAD VOLTAGE
R 1 Supply Frequency in Hz i {" Full Wave Controlled Rectifier ﬂ ' ;
ow1il ...... » | | simulation Time in secs 006 ] ) =
L. . " Sin PWM Single Phase Inverter
Switching Frequency in Hz [1000
Modulation Index Ir " Single Phase Voltage Regulator
Eamig ke 1 Usneees DTS ¢ DC Chopper 0.00 001 002 003 004 0.05  0.06

Row 2 ...... » || Type of Load (Select One)

 RLoad R Value in Ohms 100

" RL Load L Value (H) 0.1

Current in Amps

Row 3 ...... > SIMULATE | E

COLLEGE OF ENGINEERING AND TECHNOLOGY 1 1
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res = tk.LabelFrame(win, text='Plot Area‘)

res.grid(column=2, row=1, rowspan=3)
Column 0 Column 1 Column 2

i Simulation of F

Row Q-+ SIMULATION OF POWER CONVERTERS

SINGLE PHASE CONTROLLED RECTIFIER HALF CONTROLLER
~Simulation Parameters es of Converters (Select One, Simulate and Plof - ; g g ;

RMS Value of Sine Wave + Half Wave Controlled Rectifier

230
e " Full Wave Controlled Rectifier
0.06

%]
=
ROW 1 sennned || Simulation Time in secs . . =
L. . " Sin PWM Single Phase Inverter
Switching Frequency in Hz [1000
Modulation Index Ir " Single Phase Voltage Regulator
Firing Angle in Degrees 45 " DC Chopper
uw
a
E
T
Row 2 S ~Type of Load (Select One) c
# RLoad R Valuein Ohms 100 b=
[T
" RL Load L Value (H) 01 =
o ; .
0.00 0.01 0.02 0.03 0.04 0.05 0.06
Lime inme

Rows3...... SIMULATEl E

M@ET
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LJ
btn = tk.Button(win, text={SIMULATE",Jcommand=simulate, font = "Verdana 10 bold*)

btn.grid(column=0, row=3)
Column 0 Column1 Column 2

# Simulaticn of Power )
Row Q - SIMULATION OF POWER CONVERTERS |
SINGLE PHASE CDNTROLLED RECTIFIER HALF CONTROLLER

~Simulation Parameters - Types of Converters (Select One, Simulate and Plot)
RMS Value of Sine Wave  |230 &+ Half Wave Controlled Rectifier
R 1 Supply Frequency in Hz {" Full Wave Controlled Rectifier ﬂ
ow seenned || Simulation Time in secs 006 . . 2
L. . " Sin PWM Single Phase Inverter
Switching Frequency in Hz [1000
Modulation Index Ir " Single Phase Voltage Regulator
Firing Angle in Degrees 45 " DC Chopper
uw
a
E
T
Row 2 S ~Type of Load (Select One) c
# RLoad R Valuein Ohms 100 b=
[T
" RL Load L Value (H) 01 =
|8 i i
0.00 0.01 0.02 0.03 0.04 0.05 0.06
Lime inme

Row 3 S SIMULATE PLOT|

M@ET
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btn1 = tk.Button(win, text='PLOT" lcommand=plt1,font = "Verdana 10 bold“)

btnl.grid(column=1, row=3)
Column 0 Column1 Column 2

# Simulation of Pow
Row Q - SIMULATION OF POWER CONVERTERS
SlNGLE PHASE CONTROLLED RECTlFlER HALF CONTROLLER

~Simulation Parameters - Types of Converters (Select One, Simulate and Plot)
RMS Value of Sine Wave  |230 &+ Half Wave Controlled Rectifier
ROW 1 Supply Frequency in Hz {" Full Wave Controlled Rectifier ﬂ
seeeeed ||| Simulation Time in secs (006 . . =
L. . " Sin PWM Single Phase Inverter
Switching Frequency in Hz [1000
Modulation Index Ir " Single Phase Voltage Regulator
Firing Angle in Degrees 45 " DC Chopper
uw
a
E
T
Row 2 RS ~Type of Load (Select One) c
# RLoad R Valuein Ohms 100 b=
[T
" RL Load L Value (H) 01 =
|8 i i
0.00 0.01 0.02 0.03 0.04 0.05 0.06
Lime inme

Row 3 NS SIMULATE | PLOT

M@ET
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a_input = tk.Label(mighty, text="RMS Value of Sine Wave",font = "Verdana 10 bold" ,fg ="red”)
a_input.grid(column=0, row=0, sticky=tk.W)

coé
peamp = tk.Entry(mighty,width=10) —_— e paramﬁ?rs :
peamp.insert(0,"230) e ST T S g
peamp.grid(column=1, row=0) R1......y ESp PR ity oy ear 1 T
R2......, Simulation Time in secs EEI 06
R3 e SRR TR T 1000

R4..---» Modulation Index E|EI.E E‘

a_supply = tk.Label(mighty, text="Supply Frequency in Hz",font = "Verdana 10 bold",fg = red",Justlfy tk.LEFT)
a_supply.grid(column=0, row=1, sticky=tk.W)

freq = tk.Entry(mighty,width=10)
freg.insert(0,"50")
freq.grid(column=1, row=1)

Dr. MAHALINGAM
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LE

a_time = tk.Label(mighty, text="Simulation Time in secs",font = "Verdana 10 bold",fg = "red”)

a_time.grid(column=0, row=2, sticky=tk.W) :
co; c1;

simtime = tk.Entry(mighty,width=10) ~>imulation Parameters :
simtime.insert(0,"0.06") e e e Y S
simtime.grid(column=1, row=2) R -+ e R =

R2......» Simulation Time in secs EEI 06

R3......] Switching Frequency in HZ1000

. >.I-"-"I.c; = 'a't'n'n':'r;'ih'c'l'é; ........... .-E.Em

a_freq = tk.Label(mighty, text="Switching Frequency in Hz",font = "Verdana 10 bold",fg = magenta”)
a_freq .grid(column=0, row=3, sticky=tk.W)

sf = tk.Entry(mighty,width=10)
sf.insert(0,"1000“)
sf.grid(column=1, row=3)

Dr. MAHALINGAM
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Simulation of Power Converters Using Python

Lg

a_mi = tk.Label(mighty, text="Modulation Index",font = "Verdana 10 bold",fg = "magenta",justify=tk.LEFT)
a_mi.grid(column=0, row=4, sticky=tk.W) :

COé C1 V
m = tk.Entry(mighty,width=10) -Simulation Parameters .
m.insert(0,"0.8") RO..--» RMS Value of Sine Wave :
m.griccolumn=1, row=4 o Sy Pty
R2......| Simulation Time in secs 0.6
R3......] SWitching Frequency in HZR000
o e .-E..Eu..........u

a_fire = tk.Label(mighty, text="Firing Angle in Degrees",font = "Verdana 10 bold",fg = "magenta“)
a_fire.grid(column=0, row=5, sticky=tk.W)

alpha = tk.Entry(mighty,width=10)
alpha.insert(0,"45%)
alpha.grid(column=1, row=5)

Dr. MAHALINGAM
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Simulation of Power Converters Using Python B

‘a%\__

T

selected = tk.IntVar()
rad1l = tk.Radiobutton(contypes,text="Half Wave Controlled Rectifier', value=1, variable=selected,

font = "Verdana 10 bold",fg = "blue",)
rad2 = tk.Radiobutton(contypes,text="Full Wave Controlled Rectifier', value=2, variable=selected,

font = "Verdana 10 bold",fg = "blue®)
rad3 = tk.Radiobutton(contypes,text='Sin PWM Single Phase Inverter', value=3, variable=selected,

font = "Verdana 10 bold",fg = "blue®)
rad4 = tk.Radiobutton(contypes,text='Single Phase Voltage Regulator', value=4, variable=selected,

font = "Verdana 10 bold",fg = "blue®)
rad5 = tk.Radiobutton(contypes,text='"DC Chopper', value=5, variable=selected, font = "Verdana 10 bold",

~Types of Converters (Select One, Simulate and Plot) fg - "blue")

radl.grid(column=0, row=1, sticky=tk.W) & Half Wave Controlled Rectifier
rad2.grid(column=0, row=2, sticky=tk.W) R el B
rad3.grid(column=0, row=3, sticky=tk.W)
rad4.grid(column=0, row=4, sticky=tk.W) " Sin PWM Single Phase Inverter
rad5.grid(column=0, row=5, sticky=tk.W) -
selected.set(1) .

Dr. MAHALINGAM
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s
!
COLLEGE OF ENGINEERING AND TECHNOLOGY
Fnbightening Technical Minds

sSingle Phase Voltage Regulator
DC Chopper

18




Simulation of Power Converters Using Python -‘

G

ek
loadchoice = tk.IntVar()

load1 = tk.Radiobutton(loadtype,text='R Load', value=1, variable=loadchoice,font = "Verdana 10 bold",fg = "blue",
command=sel)

load2 = tk.Radiobutton(loadtype,text='RL Load', value=2, variable=loadchoice,font = "Verdana 10 bold",fg = "blue",
command=sel)

load1.grid(column=0, row=1, sticky=tk.W)

load2.grid(column=0, row=2, sticky=tk.W)

loadchoice.set(2)

r_input = tk.Label(loadtype, text="R Value in Ohms",font = "Verdana 10 bold",fg = "red”)
r_input.grid(column=1, row=1, sticky=tk.W)

rvalue = tk.Entry(loadtype,width=10)

rvalue.insert(0,"100“)

rvalue.grid(column=3, row=1)

| input = tk.Label(loadtype, text="L Value (H) ",font = "Verdana 10 bold",fg = "red")
Type of Load (Select One)

|_input.grid(column=1, row=2, sticky=tk.W) © Rload RValuein Ohms 100

lvalue = tk.Entry(loadtype,width=10) " RL Load L Value (H) 0.1
lvalue.insert(0,"0.1)
lvalue.grid(column=3, row=2)

Dr. MAHALINGAM
e
s
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Simulation of Power Converters Using Python

def sel():
global |
| = int(loadchoice.get())
if I==1:
lvalue.config(state='disabled’)
else:

lvalue.config(state='normal’)

Ds. MAHALINGAM

s
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Type of Lead (Select One)

" RLoad R Value in Ohms 100

* RL Load L Value (H) 01

~Type of Load (Select One)

* RLoad R Valuein Ohms 100

" RL Load L Value (H) 0.1




Simulation of Power Converters Using Python

fig = Figure(figsize=(6, 5), dpi=100)

al = fig.add_subplot(211)

al.plot(time, amplitude2,label="INPUT VOLTAGE")

al.plot(time , amplitude3, label="LOAD VOLTAGE")

al.set_title('SINGLE PHASE CONTROLLED RECTIFIER-HALF CONTROLLER ')
al.set_ylabel('Volts')

al.legend(bbox_to anchor=(1.05, 1), loc='upper right', borderaxespad=0.)
al.grid(b=True, which="major’, color="#666666', linestyle=":") SINGLE PHASE CONTROLLED RECTIFIER-HALF CONTROLLER

wol N\ N\ T lowovormse
a3 = fig.add_subpl s JAN AN AN
= fig.add_subplot(212) s — -
a3.plot(time, Icurrent,label="Load Current") AV AV LY
aaoset_xlabel('Tlme |n ms') 20_0.00 no.m 0.02 Ao.f)a 0.04 /\o.os 0.06
a3.set_ylabel('Current in Amps') Fol // \\ [ \\ [ \\
a3.grid(b=True, which="major’, color="#666666", linestyle=":") _I!

Dr. MAHALINGAM
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Simulation of Power Converters Using Python =

2 =g
For o=zot=p
def func(b): Rjo—L%=vo =2V sinet (10.11)
k = Int(lOadChOiCE.gEt()) The general solution of which is given by
. . [ot-o) T
al=math.radians(int(alpha.get())) i =Te ™ +“E,‘ism(m-cp> (10.12)
fr=|nt(freq.get()) Where tantp:% and Z=+yR’+o’L’
L1=float(lvalue.get()) Lt
R1=float(rvalue.get()) - v
. SLo0=I+ Lsin(o - @)
if k==1: VI, -
langle = (math.atan(2*math.pi*fr*0/R1)) ‘f?}%hﬂ?'“)" = sitoreo e
1p = 0 otherwise.
else: . Equation (10.13) can be used to find out Igpms. To find out P it is noted that
langle = (math.atan(2*math.pi*fr*L1/R1)) gy =0
" <_-1'n(cp--:()v.:ﬁ = sm(p -f) (10.14)

rl=(al-b)/math.tan(langle)
return math.sin(langle-b)-(math.sin(langle-al)*math.exp(rl))

beta = (fsolve(func, 3.14))

Dr. MAHALINGAM
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Simulation of Power Converters Using Python

\&

s

def simulate():
global s, |, time, amplitudel, amplitude2, amplitude3, amplitude4, amplitude5, Icurrent

s= int(selected.get()) beta = (fsolve(func, 3.14))

| = int(loadchoice.get()) print(beta)

tt = float(simtime.get()) time = np.arange(0, tt, 0.00001);

if s==1: P=2/f1
V= float(peamp.get()) amplitude1=(360*(P-abs((time*2%P)-P)))/P
f1=int(freq.get())

A-(P—|(z mod(2-P))—P )
P

a=int(alpha.get()) T
L=float(lvalue.get())
R=float(rvalue.get())

if lI==1:
langle = (math.atan(2*math.pi*f1*0/R))
L=0
else:
langle = (math.atan(2*math.pi*f1*L/R
M@ET
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Simulation of Power Converters Using Python

amplitude2= V*math.sqrt(2)*(np.sin(2*math.pi*f1*time))
Z = math.sgrt((R*R)+(2*math.pi*f1*2*math.pi*f1*L*L))
ad = math.radians(a)

x1 = sin((2*math.pi*f1*time)-langle)

i ! L A2y {ot-a)
x2 = math.sin(langle-ad) S R l:gj_ul[:qj-{t)ﬂ e +ain(mt-¢)}

el = -((2*math.pi*f1*time)-ad)/math.tan(langle)
x3 = np.exp(el)

lcurrent = (V/Z)*((x2*x3)+x1)

g=len(time)
amplitude3=V*sqrt(2)*(np.sin(2*math.pi*f1*time))

19 = 0 otherwise.
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