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GUI of Complex plane on Excel spreadsheets
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In this paper, we provide two spreadsheet€icel for university students and teachers. These spreadsheets contain the geometrical
representation of complex numbers, conversion in polar and rectangular forms and four basic math operation that are addition, subtraction
multiplication and division. Further, we also established that complex number satisfies the parallelogram law.
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1. Introduction 2. Theory

Definition 1. (Complex number)A complex number has the
Graphical User Interface (GUI) allows users to interactform:
with a computer or software application using visual ele-
ments/pictorial representation such as icons, menus, and but-
tons, rather than typing commands in a text-based interfacevhereZ,,, Z, € R and # = —1. TheseZ,, Z, make up the
Ivan Sutherland is considered as the pioneer of GUI. In 1963;0omplex plane. Analogously, complex plane is also identified
nearly 60 years ago, in his seminal PhD thesis [1] he preasR? whenever required. The set of complex numbers is nor-
sented the idea of human computer interaction and demomnally denoted byC. Equation(l) is referred as Rectangular
strated that the computer graphics can be used for multi puer Cartesian form. Alternatively, complex number can also
poses. Since 1963 his thesis is considered as the justificatidoe represented in polar form as below:
of GUI. Researchers have developed several GUI platforms i0 L
and have applied to variety of fields [2-11]. Z = Re" = R(cos +isinf).

Graphical User Interfaces allow university students angVhereR = /Z2 + Z7, tan6 = Z,/Z,, —m < 6 < m; or
mentors, computer users, to move one application to another180 < 6 <180, Z, = Rcosf and Z, = Rsin6.
application. GUI provides a platform to demonstrate ab-Definition 2. (Addition/Subtraction of complex numbers):
stract and complicated ideas of Mathematics/Physics in picAddition (Subtraction) of two complex numbers gives another
torial/graphical ways. These ways are very simple and usecomplex number. The required sum is obtained by adding
friendly and can be opted at the university level. Birth of (subtracting) real to part and imaginary to imaginary part of
computer revolutionised many fields of sciences. Universitywo complex numbers.
level teaching has also changed drastically due to this tech-
nology. GUI plays an important role to give clear concepts of
recent developments and innovations in mathematics to men- Zy+ 75 = (w1 +22) +i(y1 + y2)- 2

tors and university students. The need of GUI is rapidly m_Definition 3. (Multiplication of two complex numberspul-

creased in case of natural disaster and pandemics. We all atrielication of two complex numbers is a complex number. The
witnessed the recent outbreak of Covid-19 [12] when whole b P P '

world was facing lockdowns and work from home was thereal and imaginary parts are obtained as below:
only preferred method in most of the universities and edu- Z1.75 = (x129 — y1y2) + i(X1y2 + 22y1). 3)

cational institutes. This pandemic had severe effect on edf)efinition 4. (Division of two complex numbers)Division

ucation [13,14]. Thus, without any doubt, GUI provides an ‘1 | bers i | ber (b i
alternate way of learning that can be accessed remotely withf WO COMPIEX NUMDETS IS & complex humber (by providing
non-zero complex number in the denominator). The new

its great impact in the understanding of typical mathematicaf* . : ; S
g P gorhyp complex number is obtained after rationalisation as below:

Zy =z +iy1, Lo = x2 + iy

ideas.
. . Zy  xp+iy
First year students and sophomore are very much famil- —=——— Z3#0
. . ; ) Za w2+ Yo
iar with Microsoft Excel . Thus, we provide twdexcel
spreadsheets for the understanding of complex numbers for _ TiT2 T YiYs Ty T T1Ys (4)

. 2 2 2 2
science students and mentors. Ty + Y3 5 1+ Y3
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3.1. Spread sheet 1: Conversion

We elaborate the conversion of complex number into two
standard formsi.e., Rectangular form and Polar form. We
provide two push buttons for the conversion among the
forms. Magnitude of a complex number and associated di-
rection (polar angle) are given in the cells A2 and B2 respec-
tively. Cells R2 and S2 contain the rectangular components
(horizontal and vertical components respectively), Argand di-

: ] agram is given in the separate message box. See Fig. 1 for
g I e ¢ seo .- more details.

@ B asea ppeCauUEBROAD & w0 e

FIGURE 1. Screenshot of conversion of complex number in differ- 3.2. Spread sheet 2: Operations

ent forms. Two buttons are given in spreadsheet. These buttons are

used to convert the complex number into Rectangular (green but\We provide four buttons of basic math operations in complex
ton) and Polar form (red button) along with the associated Argandplane. These operations are addition (+), subtraction (-), mul-
diagram. tiplication (x) and division ¢). The explanation is given in
Sec. 2 (See Eqg<2), (3) and @)). Two complex numbers are
given in cells A3 and A6. We also illustrate the graphical
representation of complex addition in complex plane. This
graphical representation confirms that complex numbers fol-

S e e —— low parallelogram law [15,16]. Analogously, complex hum-
: Frcomextmter 1 j‘ | bers can be considered as vector®m Further, we would
| like to highlight the fact that the complex plane has one-one
s : correspondence with Euclidean sp&ce See Fig. 2 for more
TR, h details.
j—— = T ' 4. Conclusion

B

In this study, we demonstrated the idea of complex numbers

FIGURE 2. The screenshot of math operations between COImp|exand their representation into two standard forms (Rectangular

numbers. Four buttons are available for basic math operations in< —— > Polar forms) and the basic operations for complex

the spreadsheet. Graphical representation of addition in complehumbers. We provide tw&xcel spreadsheets for the ex-

plane is also demonstrated. planation along with appropriate push buttons. Our target
audience is undergraduate university students and univer-
sity teachers (For Physics/Mathematics/Computer science).
Video of the program is available at

3. Experiments https://drive.google.com/drive/tolders/
1hvswvtpNWNG6IkPQgFmMCKC-k2s5bga2yY ?usp=

In this section, we provide two spreadsheets. First spreadirive _link

sheet will provide the conversion between the two standard (For English speakers)

forms of complex numbers.e., Rectangular and Polar form |https://drive.google.com/drive/folders/

(see Sec. 3.1). Second spreadsheet demonstrates the bddig¢wWcaz823z1J2qpsitYEWXzZIXMXSDNETc?usp=

operations between the complex numbers (see Sec. 3.2). [drive _link | (For Urdu and Hindi speakers).

x. Use - sign for subtraction in place of +. S0021889897/003117 |
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