A Complete Side Rule Manual - Neville W Young
Chapter 16 — Complex Numbers

16.1 Basic Relationships

The Cartesian form of a complex number is a+ jb, where j =~/—1. The complex number a+ jb is
represented on the complex plane by the vector OP, for P with coordinates (a, b).

v
P(a.b)

b

a X

Fig 16.1

On occasions it is necessary to convert to Cartesian form to the polar form (i.e. r(c0SO + j SINO) and vise versa.

The polar form can also be expressed as re!’ by Euler’s Equation. Often we express r(Cos6 + j Sin0) as

rZ0 for brevity.
From Fig. 16.1 it isclear that the following relationships connect the polar and Cartesian forms—

a=rcosO

b=rsné

r=+va*+b?

G:tan’19
a

(the last coming from tan@ = E ).
a

16.2 Converting Cartesian Form to Polar

Toconvert a+ jb to rZ0 weuse tanf =9 (ie O :tan’lE) tofind 6, and r :_L (from SIN6 :9)
a a snf r

tofindr.

Note: when ‘a and/or ‘b’ are negative, this means the complex number liesin the 2™, 3%, or 4" quadrant.
The angle 6 isthus affected, but not the amplitude, r. Hence, for placing aand b on the Slide Rule, we take their

absolute values (i.e. |8 and [b]).

If ¢ isthe angle obtained in any of the methods above (using the absol ute values of a and b) then for the various
quadrants 6 is obtained by —
a) Second Quadrant (a<0, b>0)
0 =180°-¢
b) Third Quadrant (a<0, b<0)
0 =180°+ ¢
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¢) Forth Quadrant (a>0, b<0)

0=360°-0¢

A.For S T, and T, scaleson the body of the Slide Rule.

Example1: Convert 4 + 3j to polar form:

1
2.
3.

4.

Set the hair line over 3 onthe D scale.
Place the left index of the Cl scale under the hair line. (in some cases the right index)
Reset the hair line over 4 on the Cl scale.

b
Under the hair lineread off 36.85° on the T, scale asthe value for 6. (Use Ty scdeif — <1 and T, scaleif
a

9>1.)
a

Reset the hair line over 36.85° on the S scale.
Under the hair line read off 5 on the Cl scale asthe valuefor r.

-.4+3] =5/36.85°

B. For Sand T scaleson the dide and a DI scalethere aretwo cases.

For 0 <45° (i.e E <1
a

Example 2: Convert 4 + 3j to polar form.

oukwpnpE

Set the hair line over theleft index of the DI scale.

Place the 3 of the C scale under the hair line.

Reset the hair line over the 4 on the DI scale.

Under the hair lineread off 36.85° on the T scale asthe value for 0.
Reset the hair line over 36.85° on the S scale as the value for 0.
Under the hair lineread off 5 on the DI scale asthe value for r.

-.4+3] =5/36.85°

For 0> 45° (i.e. E >1)
a

Example 3: Convert 3+4j to polar form.

N

o0 kw

Set the hair line over theleft index of the DI scale.

Place the 3 of the C scale under the hair line. (Note, we have ‘3’ here asthe value of ‘&', in contrast to the
‘3 in step 2 of Example 2 which wasthen thevalue for ‘b’).

Reset the hair line over the 4 on the DI scale.

Under the hair line read off 36.85° on the T scale, so that 6 = 90° - 36.85° = 53.15°.

Reset the hair line over 36.85° on the S scale as the value for 0.

Under the hair lineread off 5 on the DI scale asthe value for r.

-.3+4] =5/53.15°

Note: These two cases can be brought into one genera method by using first the C scale, whichever of aand bisthe

b b
smaller. Thenif — <1, theangleistaken asread off the T scale, otherwise for — > 1, we take the complement of
a

a

the angle found onthe T scale.

C. For Sand T scaleson the dlide and no DI scale, there are two cases:

For 0 <45° (i.e E <1
a

16-2



A Complete Side Rule Manual - Neville W Young

Example4: Convert 4 + 3j to polar form.

Set the hair line over 4 on the D scale.

Place theright index of the C scale under the hair line.

Reset the hair line over 3 on the D scale.

Under the hair lineread off 36.85° on the T scale asthe value for 0.
Place the 36.85° on the S scale under the hair line.

ok wpnpE

-.4+3] =5/36.85°

For 0> 45° (i.e. E >1)
a

Example5: 3+ 4j to polar form.

1. Set thehair lineover 4 onthe D scale.
2. Placetheright index of the C scale under the hair line.
3. Reset thehair lineover 3ontheD scale.
4. Under thehair lineread off 36.85° onthe T scale so that 6 = 90° - 36.85° = 53.15°
5. Reset thehair lineover 36.85° on the S.
6. Under the hair lineread off 5 on the D scale asthe valuefor r.
..3+4j=5,/53.15°
Exercise 16(a)
Convert the following to polar form:
) 8+6j= (vi) 34-72 =
(i) 5+12j = (vii) -7+25 =
(iii) 12+5)= (viiil) 2-3
(iv) -3+4j=
(v) -41-11j =

16.3 Converting Polar Form to Cartesian

Below theright index of the C scaleread off 5 on the D scale asthe value for r.

b b
Toconvert 60 toa+jbweuseb=rsin@tofindbanda= Py (from tan6 = —) tofinda.
an a

Note: for angles, 0, greater than 90° (that is complex numbersin the 2™, 3, or 4™ quadrant) we express the

angle as ¢ (for p<90°) by —
d) Second Quadrant (90°a<6<180°)
¢=180°-6
€) Third Quadrant (180°a<6<270°)
¢ =6-180°
f)  Forth Quadrant (270°a<6<360°)
¢ =360°-06

A.For S T, and T, scaleson the body of the Slide Rule.

Example 1: Convert 13/59° to Cartesian form:

Set the hair line over 59° on the S scale.

Place the 14 of the Cl scale under the hair line.

Reset the hair line over the index of the Cl scale.

Under the hair lineread off 11.15 on the D scale as the value for b.
Reset the hair line over 59° on the T, scale. (Usethe T, scaleif 6 < 45°)
Under the hair line read off 6.7 on the Cl scale asthe value for a.

- 13459° =6.7+11.15]

ou AWM

B. For Sand T scaleson the dide and a DI scalethere aretwo cases.
For 6 < 45°
Example 2: Convert 13/31° to Cartesian form.
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Set the hair line over 13 on the DI scale.

Place the 31° of the S scale under the hair line.

Reset the hair line over the right index of the DI scale.

Under the hair lineread off 11.15 on the C scale asthe value for a.
Reset the hair line over 31° onthe T scale

Under the hair line read off 6.7 on the DI scale as the value for b.

~.13/31°=11.15+6.7]

ouk~wdpr

Example 1: Convert 13/59° to Cartesian form:
For the complement of 59° = 90° - 59° = 31°

1

ok wh

Note:

Set the hair line over 13° on the DI scale.

Place the 31° of the S scale under the hair line.

Reset the hair line over the index of the DI scale.

Under the hair line read off 11.15 on the C scale asthe valuefor b.
Reset the hair line over 31° onthe T scale

Under the hair lineread off 6.7 on the DI scale asthe value for a.

- 13459° =6.7+11.15]

These two cases can be brought into one general method by using the angle as given, if it isless than 45°,

otherwise we use its complement. If the angleislessthan 45°, weread ‘a off the C scaleand ‘b’ off the DI

scale.

If the angle given is greater than 45°, weread ‘b’ off the C scaleand ‘a’ off the DI scale.

C. For Sand T scales on the dide and no DI scale.
To convert 13/31° to Cartesian form, we evaluate —

a=13cos31°=115
andb=13sn31°=6.7

toobtain 11.15 + 6.7]
Exercise 16(b)
Convert the following to polar form:
(i) 4£60° (v) 10.6£216°
(i) 4£30° (i) 34£304°
(i) 6.5£42° (vii) 105,110°
(iv) 6.5£132° (viii) 15,143.15°

16.4 Miscellaneous Pr oblems

Recall

r£0,xr,20,=r xr,20,+0,
r£0,+r,20,=r +r,20,-0,

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

(i)
(i)
(iii)
(V)

(vi)
(vii)

35/21°x19/53° (v) (6+9j)=(5+3j)
4.7,34°+8.6£41°

(4+3))x(2+3]))

Express the answer to the following in Cartesian form:

2.5,/133°% 6.88./68° wiii)  (-2-2j)+(3-4j))

42/110° + 72./140°
(3+37)x (=2+5])
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