Creative formula manipulation is based in a large part on mastering
the dialectic between freedom and determination in arithmetic:
e Freedom:

* Commutative and associative laws of addition and
multiplication are the basis for a free arrangement (and
re-arrangement) and free structured bracketing of operands.

* Free and creative use of the two directions of the identity
laws and its derivatives

at0=a
a-a=(
a*l=a
a/a=1
a*0=0
-D*(-1)=1

extension < insertion reduction

e Determination:
* Distributive law of multiplication with respect to addition

* Priority law + < * </,

Example 2

The bidirectional star-delta conversion,
a standard problem of electrical system
analysis

Example 1 showed: creative and efficient formula manipulation is
an important part of mathematical description and analysis of



signals. In the following we discuss from that point of view a standard
problem of electrical system analysis.

Find a simplest way (minimal number of intermediate steps) to
derive an as simple as possible equation system for the
bidirectional star-delta conversion:

0
R12
mz 1 Fa .

Star circuit with the Delta circuit with the
Resistors R, R,,and R, Resistors R,,, R,;and R,

Both circuits are equivalent regarding the terminals 1, 2, and 3.

We assume the terminals are open, the circuits aren’t part of a

larger electrical network.

Solution

1. The equivalent resistance between the terminals 1 and 2 of the
star circuit
Ly =Ry TRy, (D)
and of the delta circuit

R, (Ry +Ry)

V4 =R,, parallel (R, +R,,) = 2
deltal2 12 p ( 23 31) R12 i R23 i R31 ( )

are equal. So we have

R + R — R12R23+ R12R31 (3)
10 20 :

R12+ R23+ R31
2. In the same way we obtain from
Ly = Lygy A Z3y = Zi5) 5 (4)

or simpler by cyclic permutation in equ. (3) (the given problem
1s symmetrical)



+
R20_|_ R30 — R12R23 R23R31 , (5)
R12+ R23+ R31
and
+
R10+ R30 — R12R31 R23R31 ) (6)

R12+ R23+ R3l

. Step 1 und 2 were very simple, the more difficult problem is
now to separate R, Ryo, and Rz, on the left sides of equations
that right side are expressions only in R;», R,;, and Rj;.

To find an efficient way to solve problems of this kind, it’s often
very useful to colorencode the relevant variables (one-to-one

mapping), in our simple case Ry, R-,, and R3, in the equs (3),
(5), and (6):
R + — R12R23+ R12R31 (3)
10
R12+ R23+ R31
+ R — R12R23+ R23R31 (5)
30
R12+ R23+ R31
+
R10+ R30 — R12R31 R23R31 ) (6)
R12+ R23+ R3l
Rig
So, it is obvious that we can separate by the operations
R30
R R
equ. (3) +equ. (6) —equ. (5) R, = 12l
R12+ R23+ R31
R12R23

equ. (3) +equ. (5) — equ. (6) , obtaining
R12+ R23+ R3l
R23R31 )
R12+ R23+ R31
(7,8,9)

equ. (5) +equ. (6) —equ. (3) R,, =

More:



The practice to color a problem and the way to its solution
on your “inner display” (from black-white to color display!),
in your mind, this is a very useful method to improve your
formula handling skill, it’s a creativity tool.
References:
- http://www.answers.com/synesthesia
- http://www.answers.com/Daniel%20Tammet

“Daniel Paul Tammet (b. January 31, 1979; London)
Experiencing numbers as colors or sensations is a well-documented
form of synesthesia, but the detail and specificity of Tammet's
mental imagery of numbers is unique. In his mind, he says, each
number up to 10,000 has its own unique shape and feel, that he can
"see" results of calculations as landscapes, and that he can "sense"
whether a number 1s prime or composite. He has described his
visual image of 289 as particularly ugly, 333 as particularly
attractive, and pi as beautiful. Tammet not only verbally describes
these visions, but also creates artwork, particularly watercolor
paintings, such as his painting of Pi.”
D. Tammet. Born on a Blue Day: Inside the Extraordinary
Mind of an Autistic Savant.
Free Press 2007

4. The equs (7), (8), and (9) describe the delta to star conversion:
Ris, Ry3, R31 — Ry, Ry, Rz, but this is only the half of the
solution. To find the other part, the star to delta conversion
R0, Ryo, R30— Rz, Ry3, R3y, we had to solve the equ. system
(7), (8), and (9) for Ry,, Ry3, and R3;. Terrible! However, there’s
a surprisingly simple way. Look at equ. (7):

R, R
R]() — 127731 (7)
R12+ R23+ R31
If we multiply both sides of this equ. by R,; than we obtain
R, R .R
R10R23 — 127+23""31 , (10)
R12+ R23+ R31

on the right side a symmetrical expression in Ry,, R»3, and Rj;
(extension of an equation with the goal of symmetrization)
invariant to cyclic permutation, the invariant of the delta circuit



R12R23R31

R2 = 11.1
delta R12+ R23+ R31 ( )
= ! (11.2)
1 1 1 '
+ +
R12R23 R12R31 R23R31
1 1 1 1
— = + + (11.3)
Rdelta R12R23 R12R31 R23R31

On the left side of equ. (10) we have the “opposite pair” RoR,;3

regarding the invariant R :
R oR5= R (12.1)
3 3
O
R30
D <7 R3 1 -

/\O%\Q
R,
1 - R20 2 1 L1 09

5. In the same way we obtain the formula system
2

R Ry=Ri — Ry :M (12.1,2)
10
R2
RyoRy=Rigw = Ry = (13.1,2)
20
R2
R30R12:R§elta - R, = Rdena (14.1,2))
30

The substitution of equs (12.2), (13.2), and (14.2) in equ. (11.2)
results in



| 1 1 1

— = + +
Rdelta R12R23 R12R31 R23R31
1 1 1
Rczielta Rielta R(Zielta Rczielta R(zielta R(zielta
R30 RIO R30 R20 RIO RZO
1
R4 (RIORZO + R10R3O + R20R30)
delta
and finally
Rdelta_R R,, +R,,R;, +R, R =R ! (15)
The values of the invariants R d . and R . are equal:
Rﬁelta: Rgtar: R2 : (16)
More:

To find and to handle invariants and opposite pairs
(interdependence of opposites, unity in duality) in an efficient
formula design process is a further useful creativity tool
References:
http://www.answers.com/topic/invariant-mathematics
http://www.answers.com/topic/invariant-physics
http://www.answers.com/Y1n%20and%20Y ang

By the way, the opposite-pair strategy is also a very effective
approach to learn and to memorize vocabulary and sentences in
a foreign language:

the day the night

large small

full empty

even number odd number

to transmit an encoded message to encode a received message
to switch on to switch off

the capacitor/capacitance the inductor/inductance

Great opportunity and great danger are two sides of the same
coin.

. Operation scheduling (step by step) in advance

A masterly chess-player plans always his moves in advance.



... the power of accurately calculating moves in advance has no
greater place in chess than, perhaps, skilful calculation has in
mathematics." .

More:

http://www.chesscircle.net/forums/general-chess-forum/10897-

how-many-moves-ahead.htm

http://seattlepi.nwsource.com/archives/1988/8801130570.asp
7. Result

Bidirectional star-delta conversion

- 1
2
— R T 1 1

+ +
R1 2R23 R1 2R31 R23R31

In the treasure chest:

** Color encoding, inner color display, synesthesia
** Symmetrization

** Opposite pairs

** Invariants

** Operation scheduling in advance

Find more applications in mathematics, physics, electrical
engineering, and computer science.



