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INTRODUCTION

This book! which is about scientific instrumentation has one chapter on electronics. Present work

can be continuation to the chapter of this book which is about electronics.

While | was teaching basics of scientific electronics,2,3, | realized that the book has a section on
voltage and current divider for manuscripts. The voltage divider was obtained for two resistors in
series. We already published four manuscripts4-7 concerning n and nxn resistors in global journal

of physics.4-7
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As it is shown in Fig.1
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Fig.1

From the equal resistors in series and ohm's law we can write:

i= — (eq.1)

eq.3 is obtained according to ohm's law. And substituting for i from eq.1 into eq.2.

e1 = Rui (eq.2)

or= —x (eq.3)

With the same logical reasoning, one can obtain,

o= 2% (eq.4)
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For n resistors in series as shown in Fig.2

oe1+ e1-
R ext+
R>
e2-
¥ e
O—Oen+
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O0—O0 en-
Fig.2
_ R1e
€1 = m (eq-5)
_ Rye
€2 = m (eqﬁ)
en= ——n¢ (eq.7)

R1+R2+"'+Rn
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ANALOGOUSE ELECTRICAL and MECHANICHAL SYSTEMS®?® FOR VELOCITY
DIVIDER

The mechanical i analog stipulates that e voltage is replaced by velocity V, current, i by force, f

and resistance, R by inverse of damper constant, 1/B which yields V= f/B. The damper is shown

schematically as follow.

Fig.3
In the — electrical system ohm’s law is e= Ri. Analog of ohm’s law.
In mechanical system is V= f/B

The velocity divider was obtained for two dampers in series. As it is shown in Fig.4

28V gVi

g1 V2

V2

From the equal damper implant and in series and mechanical ohm’s law we can write equations of
1 to 4 which is electrical for voltage divider could be changed to equations for 8 to 13 for velocity

divider for mechanical systems.

For velocity divider for the mechanical system Fig.4 is

f= —— (eq.8)
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Vi= — f (eq.9)
1
o1
V1= Bl'Biﬁé (eq.10)
V2 = —1% (eq11)
5
1 14 B
V].: ? By+ Bq = B -I-ZB .V (eq.12)
S el
1 14 B
V2: ? B,+B1 = B -:B V (eq13)

For velocity divider by 2 from equation (12) and (13) B1 = B2

|4 |4
We conclude V1= 3 and V2 = 7

Fig.5 the analogous from electrical Fig.2 to mechanical for n dampers are shown in Fig.5

_> ~
1 iV2+

1
/B1 o

(@)
Vo-

Vnt

!
1/ Bn
Vn-

For finding analogous from electrical to mechanical for n damper Fig.5 equations 5 to 7 are

converted to mechanical system.
Vi= —5%— (eq.14)
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— B2
v g (eq.16)
n= —Dbn eq.
R R

CURRENT DIVIDER IN ELECTRICAL SYSTEM 29

O e+
i1 I
' R R
O e-
T Iyu\l
i1tRi=¢e (eq.17)
i2R2=¢e (eq.18)

The equal resistance for two resistors shown in Fig.6 is as followed

1 _ 1 1 _ By+ By
‘Req Ry + R, RiRy (eq-19)
— R1 Ry
Req = m (quO)
. _  IR1Ry _
iReq = T e (eq.21)

By setting eq.21 and eq.17 equal.

We obtain:
. i R{ R
i1R1 = ﬁ —e (eq.22)
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By simplifying eq.22 from both side Rz is eliminated and one gets

iR,

i1=

(eq.23)

With similar logic i2 is obtained by setting eg.21 and eqg.18 equal and simplifying Rz from both

sides.

ip= R (€q.24)

The book? has not gone further to obtained the current dividers for n resistors in parallel. That is

at the goals of this manuscript for electrical and mechanical systems.
THEORY FOR CURRENT DIVIDER FORCE DIVIDER

First we obtain the equation for a current divider for three resistors in parallel as shown in Fig.7

O

e+

We find the current divider with the same strategy. The first step is finding Req for three resistors

in parallel.
t_ t, 1
Fea_ R + . + Rs (eq.25)
1 _ RyR3+RiR3+R4R,
Req Ry Ry R3 (eq.26)
Req = R1 Rz Ry (eq.27)
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From Fig.7 according to ohm’s law we can write

e=i1R: (eq.28)
e=izR2 (eq.29)
e=i3Rs (eq.30)
e=Reqi = R1 B2 Rs [ (eq.31)

By setting eq.28 and eq.31 equal and simplify Ri from both sides one can get,

Ry, R
23 i (eq.32)
Ry R3+R1R3+R1R;

i1 =

With similar approach by setting eq.29 and eq.31 equal and simplify R from both sides one can
get

i = R1 Rs i (eq.33)

For i3 with similar strategy setting eq.30 and eq.31 equal and simplifying from both sides one can

obtain

Ri Ry i
Ry R3+R1R3+R1R;

i3 =

(eq.34)

For four resistors in parallel. The current dividers become what is seen in Fig.8. By similar
strategies which was used for Fig.8.

oe+t+
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. R, R3R .
i1 = S i (eq.35)
Ry R3R4+R1R3R4+R1RR4+R1R2R3
. R1 R3R .
i2= e i (eq.36)
. R1 R3R .
i3= e i (eq.37)
. R{ R3R .
i4= L i (eq.38)

Rz R3R4+R1R3R4+R1Ry;R4+R1R3R3

For n resistors in parallel. The dividers become what is seen in Fig.9. in Fig.13 the conversion is
done from current dividers to force divider for n dampers.

@) O Oe+
' | | In
R R R R
O | Oa-
With similar approach
i = Rz Ry Rn-t R i (eq.39)

Ry R3...Rp—1 Rp +Rq R3... Rn—1 R +R2 R3... Rn—1 Ry +R1 Ry R3... Rn—1 Rn + Ry Ry R3... Rn_q

_ R1 R3...Rn_1 Rn

i2= . (eq.40)
Ry R3..Rn—1 Rn+Ry R3...Rp—1 Ry +R2 R3...Rpy—1 Rp +R1 Ry R3...Ryu—1 Rn+ Ry Ry R3... Rpn—1

. Ri R Ry...Rp—1 R .

I3 = 1t . (eq.41)
Ry R3..Rn—1 Rn+R1 R3... Ryu—1 Ry +R{ Ry...Ry—1 Ry +R1 Ry R3...Rn—1 Rp

. Ri{Ry...Rp— .

in= 1o Aol N (eq.42)
Ry R3...Rp—1 Ry +Ry{ R3...Ry—1 Ry +Ry Ry... Ry_1 Ry +R1 Ry R3... Ry—1 Ry
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ANALOGOUS ELECTRICAL AND MECHANICAL SYSTEM FOR FORCE DIVIDER
O V+
(@) f (@) f
f ‘ \ 1/ \ 1/
o]

O \/-
T |3.A.v
Its shown by converting electrical current divider equations 23 and 24 to their analog in mechanical
system

f1= ! s,

1 1
—+

B1 Bz

(eq.43)
fi= S5

B+ By

(eq.44)
f2 = ! /s,

(eq.45)
f2= SB

(eq.46)
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It is shown the force, f, divider for three dampers in parallel. It is converted mechanical analog

from electrical current divider Fig.7

1

n

f

f

1/

o

v+

OV_

A
1

By converting equation of 32, 33 and 34 the electrical current dividers for three resistors are

converted to and force divider for three dampers shown in Fig.11. from eq.32, 33 and 34 converted

to mechanical system.

fi=

fo=

fo=

fa=

fs=

B, Bg
1 1 1 1 1
By B3 1 B3 Bi Bz
By
I
B1 B3
1 1 T 1 1
By B3 1 B3 Bi Bz
B;
By By
T 1 T 1 1
By B3 2 B3  B1 B
B3

(eq.47)

(eq.48)

(eq.49)

(eq.50)

(eq.51)

(eq.52)
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For four resistors in parallel the current dividers become what is seen in Fig.8. we convert electrical

system shown in Fig.8 to mechanical system shown in Fig.12.

O
v+
o B B
(L O @] Q
O V-

Ty 1=

By converting eq.35 to eq.38, to equations 53 to 60 the force. f, dividers for four dampers are

obtained.
ENE N
—_ By B3 By
L w s e s S s wre s s (eq.53)
Bz B3 B4  B1 B3 B4 By B2 B4  Bi Bz B3
B
fi= — B f (€q.54)
ERENEY
—_ B, B3 By
L2 s s e s S s wa s s (eq.55)
Bz B3 B4  B1 B3 B4 By Bz B4 By Bz B3
B
fo= ———— f (eq.56)
RIS
— B1 By Ba
L s s e s S s s e s s (€q.57)
Bz B3 B4  B1 B3 B4 By Bz B4 By Bz B3
fa= — 2 f (eq.58)
Bi+ By+ B3+B,
ERENEY
—_ B, By B3
o= w77 i,z f (€q.59)
Bz B3 B4  B1 B3 B4 By B B4 By Bz B3
— By
fa= f (eq.60)

B1+ B+ B3+By
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For n resistors in parallel. The dividers become what is seen in Fig.9. in Fig.13 the conversion is
done from current dividers to force divider for n dampers.

(!

| O O O
V+
f £ f i f It fn
1/ 1/ ‘ 1 u 1/

)
A

Fig.13

Equation 39 to 42 are the current dividers for n resistors in parallel. The Fig.13 is the conversion
of mechanical force dividers for n dampers. The equations 39 to 42 are converted to equations 61

to 68.
1 1 11
— By B3 " Bp—1 Bn
= == 75 1,77z 1+ 1 (eq6l)
Bz B3 " Bp—1 Bn By B3 Bp—1 Bn  B1 Bz B3 Bp—1 Bn
B
fi= — B (eq.62)
Bl+ Bz++ Bn
1 1 11
— By B3 " Bp—1 Bn
fo= v i,z 1 1 (eq63)
Bz B3 Bp—1 Bn By By " Bp—1 Bn  B1 Bz B3 Bp—1 Bn
B
fpz — B2 (eq.64)
Bl+ Bz++ Bn
1 1 11
— By By " Bp—1 Bn
o= =5 77 7 7,1 T 1,1tz 1 1 (a6
By B3 Bp—1 Bn By B3 Bp—1 Bn  B1 Bz Bp—1 Bn  B1 Bz B3 Bp-1 Bn
B
fa= 2 (eq.66)
B+ By+ B3+ ...+ By,
1 1 11
- B1 By " Bp—1 Bn
fo= =777 7 1,11 T i ,ixix 1 (467
By B3 " Bp—1 Bn  B1 B3 Bp-1 Bn  B1 Bz Bp—1 Bn  B1 By B3 Bp—1 Bn
B
fn = = (eq.68)

Bi+ By+ B3+ ...+ By
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CONCLUSION

We obtain the voltage dividers in series for 2 resistors to n resistors. The analogous mechanical
dynamic system in series for 2 to n dampers are obtained. It is also obtained the current dividers
in parallel for 2, 3, 4 resisters to n resistors. The analogous mechanical dynamic systems in

parallels for 2, 3, 4 dampers to n dampers equations are derived.
REFERENCES

1- Principle of Instrumental Analysis Fifth Edition Douglas A.Skoog, Stanford University,
F.James Holler, University of Kentucky. Timothy A.Nieman, University of lllinois.
Sounders Collage Publishing 1998.

2- Basic Electrical Engineering, Hassan Zarabadipour Imam Khomeini International University,
Editor Quazvin- Sayehgostar Iran First edition 1381 Persian Calendar.

3- Electrical Circuits The edition, James William Nelson and Suan A.Riedel, Translator Rahim
Zargarinejad and Morteza Taherkhani Edition Gang Shaigan Iran 1391 Persian calendar.

4- Kiumars Ghowsi, Hosein Ghowsi and Ali Ghowsi, the equations obtained for current dividers,
Global Journal of Physics, Vol5, No2 April 03,2017, ISSN:2454-702

5- Kiumars Ghowsi, Hosein Ghowsi and Ali Ghowsi, Fractals in circuits, Global Journal of
Physics, Vol6, No2, September 04,2017, ISSN: 2454-7042

6- Kiumars Ghowsi, Hosein Ghowsi and Fatemeh Eskandaripour Borujeni, the equations obtained
for current dividers for equal parallel resistors and Fractal in circuits for equal resistors
Global Journal of Physics, Vol6, No2, December 12,2017, page 683, ISSN: 2454-7042

7- Kiumars Ghowsi, Hosein Ghowsi and Mohammad Razazi, Deivation of power formula for
several circuits including nxn resistors in parallel and series, Voltage Dividers, current
divide and circuit with fractal format, Global Journal of Physics, VVol6, No2, December
12,2017, page 686, ISSN: 2454-7042

8- Dynamic Of Physical Systems, R.H. Cannon, Mc Graw- Hill 1967

9- Proceedings of National Electrical And Computer Engineering Held In Majlesi In Summer Of
1395. K.Ghowsi, H.Ghowsi, Ali Ghowsi. Using Persian calendar.

45


https://www.eajournals.org/

