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Chapter 16 – Complex Numbers

16.1 Basic Relationships
The Cartesian form of a complex number is jba + , where 1−=j .  The complex number jba +  is
represented on the complex plane by the vector OP, for P with coordinates (a, b).

Fig 16.1

On occasions it is necessary to convert to Cartesian form to the polar form (i.e. )sin(cos θθ jr +  and vise versa.

The polar form can also be expressed as θjre  by Euler’s Equation.  Often we express )sin(cos θθ jr +  as
θ∠r  for brevity.

From Fig. 16.1 it is clear that the following relationships connect the polar and Cartesian forms –
θcosra =
θsinrb =

22 bar +=

a
b1tan−=θ

(the last coming from 
a
b

=θtan ).

16.2 Converting Cartesian Form to Polar

To convert jba +  to θ∠r  we use 
a
b

=θtan  (i.e. 
a
b1tan−=θ ) to find θ, and 

θsin
br =  (from 

r
b

=θsin )

to find r.

Note:  when ‘a’ and/or ‘b’ are negative, this means the complex number lies in the 2nd, 3rd, or 4th quadrant.
The angle θ is thus affected, but not the amplitude, r.  Hence, for placing a and b on the Slide Rule, we take their
absolute values (i.e. a  and b ).
If φ is the angle obtained in any of the methods above (using the absolute values of a and b) then for the various
quadrants θ is obtained by –

a) Second Quadrant (a<0, b>0)
θ = 180° - φ

b) Third Quadrant (a<0, b<0)
θ = 180° + φ
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c) Forth Quadrant (a>0, b<0)
θ = 360° - φ

A. For S, T1 and T2 scales on the body of the Slide Rule.

Example 1:  Convert 4 + 3j to polar form:
1. Set the hair line over 3 on the D scale.
2. Place the left index of the CI scale under the hair line. (in some cases the right index)
3. Reset the hair line over 4 on the CI scale.

4. Under the hair line read off 36.85° on the T1 scale as the value for θ.  (Use T1 scale if 1<
a
b

 and T2 scale if

1>
a
b

.)

5. Reset the hair line over 36.85° on the S scale.
6. Under the hair line read off 5 on the CI scale as the value for r.

°∠=+∴ 85.36534 j

B.  For S and T scales on the slide and a DI scale there are two cases.

For θ < 45° (i.e.  1<
a
b

)

Example 2: Convert 4 + 3j to polar form.
1. Set the hair line over the left index of the DI scale.
2. Place the 3 of the C scale under the hair line.
3. Reset the hair line over the 4 on the DI scale.
4. Under the hair line read off 36.85° on the T scale as the value for θ.
5. Reset the hair line over 36.85° on the S scale as the value for θ.
6. Under the hair line read off 5 on the DI scale as the value for r.

°∠=+∴ 85.36534 j

For θ > 45° (i.e. 1>
a
b

)

Example 3: Convert 3+4j to polar form.
1. Set the hair line over the left index of the DI scale.
2. Place the 3 of the C scale under the hair line. (Note, we have ‘3’ here as the value of ‘a’, in contrast to the

‘3’ in step 2 of Example 2 which was then the value for ‘b’).
3. Reset the hair line over the 4 on the DI scale.
4. Under the hair line read off 36.85° on the T scale, so that θ = 90° - 36.85° = 53.15°.
5. Reset the hair line over 36.85° on the S scale as the value for θ.
6. Under the hair line read off 5 on the DI scale as the value for r.

°∠=+∴ 15.53543 j
Note: These two cases can be brought into one general method by using first the C scale, whichever of a and b is the

smaller.  Then if 1<
a
b

, the angle is taken as read off the T scale, otherwise for 1>
a
b

, we take the complement of

the angle found on the T scale.

C. For S and T scales on the slide and no DI scale, there are two cases:

For θ < 45° (i.e.  1<
a
b

)
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Example 4:  Convert 4 + 3j to polar form.
1. Set the hair line over 4 on the D scale.
2. Place the right index of the C scale under the hair line.
3. Reset the hair line over 3 on the D scale.
4. Under the hair line read off 36.85° on the T scale as the value for θ.
5. Place the 36.85° on the S scale under the hair line.
6. Below the right index of the C scale read off 5 on the D scale as the value for r.

°∠=+∴ 85.36534 j

For θ > 45° (i.e. 1>
a
b

)

Example 5:  3 + 4j to polar form.
1. Set the hair line over 4 on the D scale.
2. Place the right index of the C scale under the hair line.
3. Reset the hair line over 3 on the D scale.
4. Under the hair line read off 36.85° on the T scale so that θ = 90° -  36.85° = 53.15°
5. Reset the hair line over 36.85° on the S.
6. Under the hair line read off 5 on the D scale as the value for r.

°∠=+∴ 15.53543 j

Exercise 16(a)
Convert the following to polar form:

(i) 8 + 6j =
(ii) 5 + 12j =
(iii) 12 + 5j =
(iv) -3 + 4j =
(v) -41 – 11j =

(vi) 34 – 7.2j =
(vii) -7 + 25j =
(viii) 2 – 3j

16.3 Converting Polar Form to Cartesian

To convert θ∠r  to a + jb we use b = r sin θ to find b and a = 
θtan

b
 (from 

a
b

=θtan ) to find a.

Note: for angles, θ, greater than 90° (that is complex numbers in the 2nd, 3rd, or 4th quadrant) we express the
angle as φ (for φ<90°) by –

d) Second Quadrant (90°a<θ<180°)
φ = 180° - θ

e) Third Quadrant (180°a<θ<270°)
φ = θ – 180°

f) Forth Quadrant (270°a<θ<360°)
φ = 360° - θ

A. For S, T1 and T2 scales on the body of the Slide Rule.

Example 1:  Convert °∠5913  to Cartesian form:
1. Set the hair line over 59° on the S scale.
2. Place the 14 of the CI scale under the hair line.
3. Reset the hair line over the index of the CI scale.
4. Under the hair line read off 11.15 on the D scale as the value for b.
5. Reset the hair line over 59° on the T2 scale. (Use the T1 scale if θ < 45°)
6. Under the hair line read off 6.7 on the CI scale as the value for a.

j15.117.65913 +=°∠∴

B.  For S and T scales on the slide and a DI scale there are two cases.
For θ < 45°

Example 2: Convert °∠3113  to Cartesian form.
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1. Set the hair line over 13 on the DI scale.
2. Place the 31° of the S scale under the hair line.
3. Reset the hair line over the right index of the DI scale.
4. Under the hair line read off 11.15 on the C scale as the value for a.
5. Reset the hair line over 31° on the T scale.
6. Under the hair line read off 6.7 on the DI scale as the value for b.

j7.615.113113 +=°∠∴

Example 1:  Convert °∠5913  to Cartesian form:
For the complement of 59° = 90° - 59° = 31°

1. Set the hair line over 13° on the DI scale.
2. Place the 31° of the S scale under the hair line.
3. Reset the hair line over the index of the DI scale.
4. Under the hair line read off 11.15 on the C scale as the value for b.
5. Reset the hair line over 31° on the T scale.
6. Under the hair line read off 6.7 on the DI scale as the value for a.

j15.117.65913 +=°∠∴

Note:  These two cases can be brought into one general method by using the angle as given, if it is less than 45°,
otherwise we use its complement.  If the angle is less than 45°, we read ‘a’ off the C scale and ‘b’ off the DI
scale.  If the angle given is greater than 45°, we read ‘b’ off the C scale and ‘a’ off the DI scale.

C. For S and T scales on the slide and no DI scale.
To convert °∠3113  to Cartesian form, we evaluate –

a = 13 cos 31° = 11.5
and b = 13 sin 31° = 6.7
to obtain 11.15 + 6.7j

Exercise 16(b)
Convert the following to polar form:

 (i) °∠604
 (ii) °∠304
 (iii) °∠425.6
 (iv) °∠1325.6

 (v) °∠2166.10
 (vi) °∠30434
 (vii) °∠110105
 (viii) °∠ 15.14315

16.4 Miscellaneous Problems

Recall:
2122211

2122211

θθθθ

θθθθ

−∠÷=∠÷∠

+∠×=∠×∠

rrrr
rrrr

Exercise 16(c)
Express the answer to the following in polar form:

 (i) °∠×°∠ 53192135
 (ii) °∠÷°∠ `416.8347.4
 (iii) )32()34( jj +×+

 (iv) )35()96( jj +÷+

Express the answer to the following in Cartesian form:
 (v) °∠×°∠ 6888.61335.2
 (vi) °∠÷°∠ `1407211042
 (vii) )52()373( j+−×+

 (viii) )43()22( jj −÷−−


