7-E

Cartesian Form, Polar Form:

Conversion
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Conversion: Cartesian form — trigonometric form

A complex number given in Cartesian form z=x+ iy can be con-
verted to polar form by the conversion equations, but the quadrant

of the complex plane, where the number is located, must be consi-
dered with some care.

Quadrant I: x>0, y>0
Quadrant II: x<0, y>0
Quadrant III: x<0, y<0

Quadrant 1V: x>0, y<O0
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Fig. 3: The 4 quadrants of the Gauss plane
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Conversion: Cartesian form — polar form: Example
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Fig. 4-1: The complex number 1 + N3 i in the Gauss plane

We now transform a complex number given in Cartesian form into polar form.
That is, we have to determine the absolute value and the angle of the number.
X,y — r, @ z=x+iy — z=re "

lel-i-\/gl'
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Conversion: Cartesian form — polar form: Example

21=1+\/§i, x, =1, y1=\/§

r=|zl|=\/12+(\/g)2=\/1+3 =2

|x1| 1 T
cos @, = r :E’ @12602?
s
21=1+\/§i:26 S = cosg + i sin %)

The conversion into polar coordinates is straight forward, if the
complex number is in the first quadrant, but some more attent-
ion is needed, if the numbers are in other quadrants, like e.g.

22=—I+\/§i, 232—1—\/51', Z4:1—\/§i

These numbers are geometrically presented below. The absolute
values agree, but the angles differ as shown in figure 4-2.
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Conversion: Cartesian form — polar form: Example
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Fig. 4-2: Four complex numbers in different quadrants with same absolute values.
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Conversion: Cartesian form — polar form: Example
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Fig. 4-3: Determination of the polar angle of a complex number
21=l+\/§i, 22=—l+\/§i, |zl|=|22|=r=2
P =T — (Pl
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Conversion: Cartesian form — polar form: Example
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Fig. 4-4: Determination of the polar angle of a complex number
21:1+\/§i, 232—1—\/§i, |Zl|=|z3|:r=2
¢ =1+ 28
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Conversion: Cartesian form — polar form: Example
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Fig. 4-5: Determination of the polar angle of a complex number
21=1+\/§i, Z4:1—\/§i, |Zl|:|Z4|:I":2
Q=21 — @,
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Conversion: Cartesian form — polar form: Example

z=x+iy, z=vrlcosp+ising|=re?

Conversion in three steps:

I. Determine the absolute value r =|z|= Vx> + »°

2. Determine an auxiliary angle from one of the relations

coscp1=|%, sin(p1=%,

¢, € [0, %)

P, — auxiliary angle

3. Get the principle value ¢ from the auxiliary angle
taking into account the signs of x and y:

10 : x>0, y>0, P =@,

Ho:. x<0, y>0, P =1 =@,
1Q: x<0, y<0, Pp=T1 + @,
mwQo: x>0, y<0, p=21 - @,
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