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Abstract: Elementary combinations of electrical
resistances in varieties of form are taken into
consideration and the corresponding equivalent
resistances with the components at rest and also in
motion along with their effects on the electrical flow
in normal electrical circuits are ventured. This work
is partly an undergraduate

physics project.
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I. INTRODUCTION

The fact and phenomena of obstruction to
electric current is broadly called -electrical
resistances. Its elementary form comes from Ohm’s
law which is valid only for conductors. For
conductors then resistance is a parameter equals to
the ratio of emf or potential difference and electric
current;

rR="Y

1
From free electron theory of metals for ordinary
physical situation it can be shown
that R = p{L/A} where  p =
{(me?)/(nt)} where R,V ,I,p,L
A,m,e,n and 7 are respectively the resistance,
potential difference, electric current intensity

Jfresistivity, length ,cross-sectional area, electronic
mass, electronic charge , number-density of free
electrons  and mean-free-flight time of free
electrons.

Various facts and phenomena are there within
conducting materials comprising the internal statics
and dynamics of electrical resistances in general
which might be dealt with in another similar article
as this one in future.In this article  various
elementary and some complex combinations of
electrical resistances are considered and the
consequences of secular and transient contacts with
them are explored.

Study: Case(i): When the series-equivalent is n-
times the parallel-equivalent for two different
Resistances R, and R, .

R+ R - n(R1R2) . or
1 2 R1+R> ’ '
(n—2)Ry:+ |((2-n)2R—4R3) .
1= - ; For Ry and R, being
positive real

numbers n = 4 has to be satisfied. Therefore n
is always greater than or equal to ‘4°.

Case(ii)

F=100

- R3
" R .. m R=5ch R2
Req(2)
I
Fig.2 -

Fig.l

r Figd

Fig3

When one of the component-resistances is variable the variation of equivalent resistance in case of parallel
combination is nonlinear one while in case of series combination it is linear.
When both of the two component-resistances increase the equivalent resistance increases In both case similarly.

Case(iii) When one of the pair of resistances increases and the other decreases the equivalent resistance is

found to vary in the following way;
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p — RiR2 _  RioRep{lt(a1—az)z}
€d- Ry+R;  (R10+R20)+(Ripa1—Rz0a2)z

where z is a physical factor such as

temperature etc. and o’s are that factor- coefficient of variation of resistance and are usually taken to be very
small such that

a;a; ~ 0.
R3q. =Ry + Ry=(Ryo + Ryo) + (Ripay — Ryo2)z
Roo{1+(a1—a3)z}
If, Rip = R0 = Roo R}, = 70(;““1‘1_1“:)22 < = RL,<Rgo

RS =Roo{2 + (a1 —ax)z} = RZ; > Ry
foray >a;, >0 V ay<a, AN (ap—ay)z<2

z' is either time or any other independent variable which the magnitude of component resistances R;and R,
does depend on. We see here that Rqu_ decreases always for one resistance decreases and the other increases.
But RZ, may increase or decrease for the same condition depending on the relative values of ajand a,.

Case(iv) Let us consider a closed loop of wire with a pair of contact (P & Q)on it. Suppose the
P q P total length of the closed loop is ‘L’ and ‘X’ be its part between
two points. Then the equivalent resistance between P and Q
will be given by RT
=g

Ry = ”x(i_x) where

o = Resistance per unit length = (%) . There is a maximum
value of R, at x = (g) and is ‘(%)' X2
From the above equation it may be written for a constant total current | in the loop as

V/p=o {x(L - x)/L} and consequently [dZV/dxz] ———

“‘-u\__\_\_\_\_\_'_'_‘_'_,_,_,-r"

Case(v) Two dimensional circuitry with resistances must fall in any one of the following categories of
combination of resistances ;namely (i)Series , (ii) Parallel , (iii) Series-parallel combined or mixed ,(iv)Complex
combination. The simplest version of complex combination is what is known as Wheatstone-bridge. And in all
of these cases equivalent resistances can be found out by proper application of either T-n network conversion or
of Kirchoff’s laws and by careful calculations thereby. Some examples are given below;(These circuit-elements
may be called ‘web-network’ of resistances).

A)

R =o05r , RY =05r

i { |Jr R&=(7/15)r=0.467 , R =(8/15)r=0.533

o
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)

R =(5/11)r=0.454557 ,RZ =(6/11)r=0.54545T1

RIF=(8/11)r=0.72727

D)

. RSP =(9/20)r=0.457 , RS = (11/20)r=0.557
RIF=(3/4)r=(15/20)r=0.757 ,RE; = (4/5)r =(16/20)r
=0.8

¥ R
E) REE = (13/29)r=0.4483r ,RZ = (16/29)r=0.55171 ,
u ) .
T REF=(22/29)r=0.7586r , RL; =(24/29)r=0.8276r
Q R
F) F ; REF = (47/105)r=0.44767 ,RZ = (58/105)r =0.5524 1
w T REF=(80/105)r=0.76197 , R}, =(88/105) r =0.8381r
v v REF=(90/105)r =0.8571r
Table-1
(Number of Arms versus Equivalent Resistances)
N= [3 4 5 6 7 8
eq
RSP 0.5000 r 0.4670 r 0.45455 r 0.4500r | 0.4483r | 0.4476r
RY 0.5000 r 0.5330 r 0.54545 r 0.5500r | 0.5517r | 0.5524r
RIotal 1.0000 r 1.0000 r 1.00000 r 1.00007 | 1.00007 | 1.0000 r
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Table-11
(Arm-span versus Equivalent Resistance with total number of arms of Polygon as parameter
N= 3 4 5 6 7 8
q
Rg,gJ 0.5000 r 0.4670 r 0.45455r 0.4500 r 0.4483r 0.4476r
R:qQ 0.5000 r 0.5330r 0.54545r 0.5500 r 0.5517r 0.5524 r
Rgf 0.5000 r 0.6667 r 0.7273r 0.7500 r 0.7586 r 0.7619r
Rgg X 0.5330r 0.7273r 0.8000 r 0.8276 r 0.8381r
quT X X 0.54545r 0.7500 r 0.8276 r 0.8571r
Number of Arms Versus Equivalent
Resistance(Table-I)
051 Y= 0.000x" - 0.006x* + 0.060x* - 0.271x + 0.917
’ RP=1 cp
0.5 \ R(eq.)(CTV)=R
4 049 \
E 0.48 \ CTV=Centerto Vertex
T 047 \
Eu' 0.46
0.45 S
0.44
0 2 4 6 8 10
N{Number of Arms)-»
Fig.1
Number of Arms versus Equivalent Resistance(Table-1)
0.56
y=-0.000%* + 0.006x%7 -[0.060%2 + 0.2?1)(: 0.082
0.55 Ri=1
Rleq.)(VTV)=RZS
0.54 VIV=Vertexto Vertex
¢I /
3.53 /
?';5.52
E’ l
0.51 j
0.5 A
0.49
0 2 N[Nu?nberofAr?ns]—) 8 10
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Arm-span versus Eguivale nt Resistance(with
Total Mo. of arms of Polygon as parameter)
1
0.9
0.8
0.7
T 0.6
T 05 *
2
e 0.4
yo=-0.005%2+ 0.127x + 0.448
0.3 R*= 0.855
0.2
0.1
0
0 1 2 3 4 5
(Arm-Span) =
Fig.3

From the Table-I given above one can get a theorem which states that “For a Closed web-Network of resistance
RSy + RUY =1 when REy refers to equivalent resistance between center-to-vertex and Ryg refers to
equivalent resistance between vertex-to-next vertex.”

One most significant application of this theorem is in case of all equal component resistances is the uniqueness
of definition of ‘absolute unit of resistance’. This theorem may also perhaps be generalized for any
polygonal network of resistances.

Case(VI1): For a spiral Network of continuous medium resistance the equivalent resistance is found to vary
with only a single variable and that is the angular coordinate of the terminal-point.The equivalent resistance
between the central initial point ’C’ and the final terminal point ‘P’ is to be found
2 h out.Here the whole spiral is a continuous resistor and starting from a central point C the
resistor rolls out and one is to calculate the equivalent resistance between C and any
| arbitrary point ‘P’on the stretch of the spiral arm of the resistor.The simple spiral has a
| / standard equation r =a@ where ‘a’ is a positive constant and ‘@’ is the angular
P / coordinate of the point ‘P’ along with ‘r’ being the radial distance from ‘C’, ¢ being
“ta—"Figd  expressed in radian. The equivalent resistance ‘RSY' = or = cap  where ‘¢’ is
resistance per unit length of
the spiral resistor. But measuring the equivalent resistance between the points ‘C’ and ‘P’ needs
a contact with another conductor between ‘C’ and ‘P’ which has also certain amount of resistance. That means
its resistance being considered the system becomes a parallel combination of resistances and the ultimate
equivalent resistance becomes

ch _ RSP REP _ caf?
~ U5CP PS :
eq(F) = LpCP 4 pC (2+6)

Here in this figure(Fig.4(a)) y' represents 'ReC‘f(F)’ and x’ represents ‘0’ of the above equation. Obviously the
whole negative part of the graph on the left of origin is extraneous while the positive part only on the right side
of the origin gives one the real values showing also the minimum value equals to zero at ‘6 = 0’ and obtain a

real plausible appreciable value much greater than unity
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Fig.4(a) even for ‘0’ becomes infinity though continubuély‘increasing function i,e. an asymptotic approach.

Case( vii): Three-dimensional resistance-circuit;

The network shown aside may be called a real three dimensional
network because it is impossible to restructure this into a planner
network just by means of geometrical transformation. But with the

application of m-T conversion-factor one can do that as follows;

again to be transformed into corresponding -network and they are
respectively (CD-AD-BD), (AF-BF-CF), (AE-CE-DE).

All A-B-equivalent from T to mwill be given by
r.r
Ryg="7F_+r+71 =0T
3

E T
A T'(E} T
All A-C-equivalent from Tto mwillbegivenby Ry =% +7 + 3
()
C
FigJ

5r

5r _—
= and similarly Rg. =5
Then the total equivalent resistances across AC, BC, & AB will be given
by
5 5 5
Rupr =?r » Racr =§r » Rper =jr -
Then the net effective equivalent resistance across AB is given by

5r.,10r
3X5 _2r

R :{RABT(RACT+RBCT)/ y=3p =2
°q (Rapr + Racr + Rger)’ — 55 73

DOI: 10.35629/5252-0204204213 | Impact Factor value 7.429 |1SO 9001: 2008 Certified Journal Page 209



\% International Journal of Advances in Engineering and Management (IJAEM)

= Volume 2, Issue 4, pp: 204-213 www.ijaem.net
IJAEM

Another example of a three-dimensional resistance-network may be considered as the
Following one;

~ Equivalent resistance between (i) any two adjacent points(for example

L AB) (ii) two planner diagonal points(for example A,C), (iii) two non-
coplanar diagonal points (for example A,D) may be found by T-r and

- [] also n-T transformation at least for 10 to 12 steps in each case(Ref.).

The values of equivalent resistances for the three cases as mentioned
< here will thus be respectively ,

[]

AB = 2o
T T
A E Ryc=—==
Fig.d 412

R _i 10r

AD T T 12

Whichever be the number of arms of a poly-gonal circuit with resistance the ultimate equivalent resistance
between any two vertices however long the circuit may be is always less than a single resistance. If we assign a
number ‘0’ to the vertex ‘A’ and ‘n’ to another arbitrary vertex in the same network ‘I’ (say) then Ry, <Tr
for an n-gon closed network-circuit with all equal resistance-arms each of resistance ‘r’ and then Ry~ .

The Dynamical Resistance-combination: Case(viii) Resistance Comb: A solid conductor with a
large number ,say N ,of resistance-arms in the form of spikes of same common height are
1a firmly attached and positioned on the conductor at a regular interval
) n ‘a’ (say) constituting a parallel array of resistances is called a

Resistance-Comb. This resistance-comb along with a moving
connector(C in Fig.10) moving with a uniform velocity ‘v’ (say)
yields results of some interest. Let us for this case in particular
consider all the resistances in the parallel array in the comb be of

{: : o same value ‘r’ while the fixed primary resistance in the circuit be ‘Ry’ . ‘E’ is
g Fi K the constant emf
Fig.l0 in the circuit ,G the galvanometer to measure the current ,K the key. The

connector is
presumed to run very smoothly over the arms’ edge . At any time ‘t’ if the connector connect
‘n’ number of arms then for the instantaneous current in the circuit one can write the

following;
i = L, =L . R.q being a variable equivalent resistance due the moving
(R0+;) Req
connector .
WReg — L (M) where L= Then n=mny+ ()t. For this case let ng = 1
dt n?2 gt dt a 0 a’ " 0 '
Then one canwrite n=1+ (;)t and consequently
_ B .. _ E_ _ . __E_ _
Rlr— giving i = iy, =i at t =0 and i =iy, Roil at t = 7(say).
1+t N
The nature of variation of current with time is demonstrated
i-t graph through graph(Fig.11) where for an example the following set
of values of the parameters have been taken:
A 2.1 E:10V,R0:SQ,r:1£2,Z:O.2
- 2 T ———— lmax = 2 amps. at t =co . But a less maximum value
E 19 - for n = N can be found out for known value of N. For different
£ 18 set of wvalues of all the parameters concerned chosen
g 17 appropriately different graphical points may be
3 7 ? Fig.11
1.6 -
11)
0 100 200 300 obtained keeping the over all nature of the graph exactly same
time(secs.)> as given here. As can be observed here that the rate of current is
) extremely slow and this slowness can be controlled controlling

the value of ‘v’ and changing the set of values of the
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parameters too. Extremely slow change of small current may be required in some type of experiments both in
microscopic and macroscopic level for various scientific investigation where quasi-equilibrium states are
involved.

Now if instead of slow unidirectional motion of the connector it starts executing SHO given by x = A sin wt
then the changes are as follows;

d A t . . A .
ﬁ == CZS - where ‘n’ isgiven by n =1+ (g) sin wt ;
Then i as a function of time may be expressed as follows:
. E
S P —

1+(%)Sin wt

It is here interesting to note that the
. . . current derived from a steady voltage supply
I-t graph forosullatlng res-comb source becomes oscillatory just by means of
1.72 an oscillating resistance-comb. Therefore this
17 | device may be used as a converter which
N ' converts dc to oscillatory dc as the oscillatory
= 168 \ current though positive which may be made
E 1.66 ? an ac just by biasing this with a suitable
s 164 \ / negative steady voltage. This is probably a
g - \ } very useful application of the oscillating
5 162 resistance-comb circuit. The point to be
1.6 u mentioned here that without the help of any
external magnetic field
1.58
0 0.5 1 15
t(in unit of T the time period)->
Fig.12 and use of rotor the ac is being produced.
Case (ix):The circular resistance comb with a rotor:

the equivalent resistance of the circuit. From this it easy to guess
how the resistance of the rotating circular resistance comb works
K for an instant and then the effect of rotation of this will have to

be considered. If all the value of resistances in all the arms are the

{Z’ D The model circuit is shown in Fi.13 and aside of it is being shown

{=]
e
W/

El pigas

same then there will be nothing interesting in it except some intermittent gap in contact. But if the value of the
resistances in the consecutive arms are of some increasing order like following AP or GP then the case will on
one hand be interesting while on the other hand be a little bit cumbersome as regards to the calculations are
concerned. Here an orderly array of mutually identical resistance arms uniformly firmly fixed on the inner-side
of a circular ring that can be rotated externally while the inner top head of a certain number of arms on
both side of the center of the ring are connected through a wire-mesh to terminals of an electrical circuit
comprises what is called a Rotor-Resistance-Comb. External rotor will make resistance-wheel-comb rotate with
a definite angular speed of rotation ‘@’ (say). Here the
net equivalent resistance in the circuit is given by,

. 1,71 Sm 1 - .
Req =Ro +(Ry + Ry) while Ry =] g":l; , R, = [Z]'Z—NH R_j] where ‘N’ is
t =2
the total even number resistance-arms in the wheel comb. The ‘ty” which is common period of
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time for each step-change of R., is given by

to = % where ‘v’ is the frequency of rotation of
the wheel-comb. The time rate of change of net equivalent resistance of the circuit is given by

dReq _ d(R1+Rp)_ A(R1+R2)

dt dt to

= Nv AR, + R,).

For an example of how does the output from a
simple circuit with Rotor-Resistance-wheel-

Comb transforms(Fig.13) the following set of values
of the different physical quantities are considered;
N=100,v =50 Hz , R;= i Q where ‘i’is simple
integral natural number starting from i=1 to i= 100
with m—i = 3 i.e. for 3-arms’ connection at a time
on one side and Ry, = 10Q . The result obtained by
putting this value in appropriate equation given
above and numerical calculations thereafter is
representationally depicted in the graphs (Fig.14 &

Fig.15). As can be observed from the graphs that the
output from a steady dc supply in a simple circuit
becomes a periodic step-function-like entity that
may be regarded as a transformed saw-tooth

wave. Varying the values of the parameters
concerned different other type of variations may be
obtained as output result and input steady current
may undergo varieties of transformation which may
be required to yield different response pulses
expected to serve the purpose in different field of
technological applications.

Serial no. of step versus R(eq.)
60
y=0.667x+17.28

?1: 50 7=
3 R=1
[
£ 40
@
2 30
)
G
o 20 -
=
T 10
@

0

0 20 40 60
serial no. of step-change—>
Fig.15
I1. CONCLUSION: values such as as that

Finding out equivalent resistance is a simple
exercise in undergraduate course.

When the resistance-network under consideration is
a complex one Kirchoff’s laws are required to find
out the component resistances or the current in any
branch of a mesh. But when the complex network of
resistances gets more and more complicated star-
delta transformationknown also by an alternative
name “T-m “ transformation helps too much to find
equivalent resistance and thereby any consequential

of branch-current,
potentialdrop  across  varieties of  complex
combinations are considered here and equivalent
resistances

in each such case are found out revealing the way
one can do that for any such case with anyother
values of resistances. There is a difficulty in
resolving a problem with moving resistance comb
and that is the mathematical expressions considered
here are continuous functions of time while the
realphysical variation of the output current should be
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somewhat a step-like function of time corresponding
to the common periodic gap ‘a’ between each pair of
consecutive arms.

Complexity arises in generating such a
function which can give the real physical variation
with exactitude. Perhaps Krdenecker-delta may help
in this regard. More complications arise if the values
of the resistances in the arms are sequentially
increasing by a fixed small margin.The required
mathematical function will be much more complex
yet the result perhaps will be more interesting and
perhaps useful to Biomedical and Biotechnological
research including some other areas of small-scale
variations. However the models as demonstrated and
explained here are overall useful and will be
working for various purpose as average variation
over the total period of motion will not differ very
much after all. Moreover this is completely an
analogue system of operation which even to some
extent may be manually controlled. And lastly the
model of rotating resistance-wheel with a finite
number of arms on the wheel-brim at inner side
,each arm with resistance in an increasing order
following a sequence produces a periodic step-
function like variation from a steady input to the
circuit. Mathematical complexities are involved in
this case too which can perhaps be overcome with
the help of superfast computer used today. Moreover
more study is required for the model even by
varying the angular speed in different order for the
model to be useful in various technological fields of
applications.
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