Cornerstone Electronics Technology and Robotics | Week 15
Combination Circuits (Series-Parallel Circuits)

e Administration:
o Prayer
o Turnin quiz
e Electricity and Electronics, Chapter 8, Introduction:

o0 Inthis lesson, we will learn to analyze circuits with resistors in both
series and parallel together and compute the total resistance
(equivalent resistance) for those circuits. From there, we can calculate
the voltage drop and current for each resistor in the circuit.

0 Series-parallel circuits are also called combination circuits.

o Examples:
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Figure 1 — Examples of Combination Circuits

0 See applets:
= http://www.falstad.com/circuit/e-resistors.html
= http://webphysics.davidson.edu/physlet _resources/bu_semester2/
c10_combo.html
0 Regardless of the complexity of a series-parallel circuit, it can be solved
when broken down into steps of individual series and parallel circuits.

0 Review:
= Four equations are used to solve series resistor circuits. They
are:

Rr=R1+R+R3+ ... + Ry
Vi=Vi+Vo+V3+ ...+ Vy
IT:|1:|2:|3 :---IN
V=IxR

V =1 x R can be applied to the total circuit (V1 = It X Ry) and to
individual resistors (V1 = 11 X Ry).

See Lesson 13, Series Circuits for details. Link:
http://cornerstonerobotics.org/curriculum/lessons vearl/ER%20Week13,%20Series%
20Circuits.pdf




Four equations are used to solve parallel resistor circuits. They
are:

1/Rr=1/R1+ 1/R, + 1/R3 +........... +1/Ry
VT:V1:V2:V3: ..... VN
lt=hh+lh+Il3+...+1y

V=IxR

See Lesson 14, Parallel Circuits for details. Link:

http://cornerstonerobotics.org/curriculum/lessons yearl/ER%20Week14,%20Parallel

%?20Circuits.pdf

o Power in Combination Circuits: The total power in a combination circuit
is equal to the sum of the individual powers.

The variables used in Ohm's Law equations must be common to the
same two points in the circuit under consideration. This rule cannot be
overemphasized. This is especially important in series-parallel
combination circuits where nearby components may have different
values for both voltage drop and current.

Electricity and Electronics, Section 8.1, Solving a Complex Circuit:

0 The goal of series-parallel resistor circuit analysis is to be able to
determine all voltage drops, currents, and power dissipations in a circuit.
Contracting the Circuit: Finding the total resistance and total current:
In this section, you will combine series and parallel resistors in a step by
step process until the entire circuit is reduced to one equivalent resistor.

(0]

(0}

Step 1: Assess which resistors in a circuit are connected
together in simple series or simple parallel.

Step 2: Re-draw the circuit, replacing each of those series or
parallel resistor combinations identified in step 1 with a single,
equivalent-value resistor.

Step 3: Repeat Steps 1 and 2 until the entire circuit is reduced to
one equivalent resistor.

Step 4: Find the total current for the circuit.

Expanding the Circuit: In this section, you will proceed step-by-step
from the simplified version of the circuit back to its original form, plugging
in values of voltage and current where appropriate until all values of
voltage and current are known.

Step 5: Taking total voltage and total current values, go back to
last step in the circuit reduction process and insert those values
where applicable.

Step 6: From known resistances, total voltage, and total current
values from step 5, use Ohm's Law to calculate unknown values
(voltage or current)

Step 7: Repeat steps 5 and 6 until all values for voltage and
current are known in the original circuit configuration. Essentially,
you will proceed step-by-step from the simplified version of the
circuit back to its original, complex form, plugging in values of
voltage and current where appropriate until all values of voltage
and current are known.

Step 8: Calculate power dissipations from known voltage,
current, and/or resistance values.



Contracting a combination circuit to Expanding a combination circuit to

determine the one equivalent resistor: determine the circuit currents and
voltages:
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Figure 2 — Example of Contracting and Expanding a Combination Circuit



Example 1: Parallel resistors R; and R, are in series with resistor Rs.
See Figure 3.

(Note: In the following examples, when you encounter a
resistor labeled R 7, it is an equivalent resistor for resistors R,
and R,. Ry 2345 IS the equivalent resistor for resistors Ry, Rz, Rs,
R4, and Rs. Similarly, V45 is the voltage drop across the
equivalent resistor Ry 5.)
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Figure 3

Solve for the all of the unknowns in Table 1.

Resistance | Voltage | Current
R, 100 O V, 1,
R, 100 Q V, I,
R, 50 Q V, I;
Total Ry 50V I
Table 1

Contracting the Circuit: Finding the Total Resistance, Rt and Total
Current, It :

Step 1: Assess which resistors in a circuit are connected
together in simple series or simple parallel. In our circuit, R, and
R, are in a simple parallel configuration.

Step 2: Re-draw the circuit, (Figure 4), replacing each of those
series or parallel resistor combinations identified in Step 1 with a
single, equivalent-value resistor. In this circuit, R; and R, are
replaced with Ry ».
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Rl,z = R/N
R12,=100Q/2

R]_,z =50Q



= Step 3: Repeat Steps 1 and 2 until the entire circuit is reduced to
one equivalent resistor. (Step 1) - R12 and R3 are in a simple
series configuration. (Step 2) - Re-draw the circuit, (Figure 5),
with Ry, 3 replacing R; 2 and Rs. Enter Rr, (R12,3), into the
solution table (Table 2).
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Rr=Ri23
Rr=Ri12+R3
Rr=50Q+50Q
Rr=100 Q
Resistance Voltage Current
R1T | R1=100Q V1 11
R2 | R2=100Q V2 12
R3 R3=500Q V3 13
Total| RTr=100Q | Vr=50V It
Table 2

= Step 4: Find the total current for the circuit.

|T = VT / RT
lt=50V /100 Q
It=05A
See Table 3:
Resistance Voltage Current
R1 R1=100Q V1 11
R2 | R2=100Q V2 12
R3 R3=500Q V3 13
Total| Rr=100Q | Vr=50V | Ir=0.5A
Table 3



o Expanding the Circuit: Find all remaining values of voltage and

current.

= Step 5: Taking total voltage and total current values, go back to
last step in the circuit reduction process, (Figure 6), and insert
those values where applicable. We can now determine the
current through each series resistor in the equivalent circuit in

Figure 8.4.
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IT: |1,2: |3:0.5A

Enter the value of |5 into the solution table (Table 4).

Resistance Voltage Current
R1 | R1=100Q V1 11
R2 | R2=100Q V2 12
R3 | R3=50Q V3 13=0.5A
Total| Rr=100Q | V=50V | IT=05A
Table 4

= Step 6: From known resistances, total voltage, and total current
values from Step 5, use Ohm’s Law to calculate unknown values
(voltage or current). In our example, calculate the voltage drop V3
across the series resistor Rz and the voltage drop V1, across the
parallel combination (equivalent resistor, R; 7).
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Figure 7
V3=1I3XR3
V3=05AXx50Q
V3=25V

Vio=1l12XR12
Vi,=05AX50Q
V1,2 =25V



Since R; and R, are parallel resistors, the voltage drops V; and
V, are the same value and equal to Vi .

V1:V2:V1’2:25V

We can now enter V1, V3, and V3 into the solution table (Table 5).

Resistance Voltage Current
R1T [ R1T=100Q |V1=25V 11
R2 |R2=100Q | V2=25V 12
R3 | R3=50Q [V3=25V|I3=05A
Total| Rr=100Q | Vr=50V | IT=05A
Table 5

Step 7: Repeat steps 5 and 6 until all values for voltage and
current are known in the original circuit configuration. Essentially,
you will proceed step-by-step from the simplified version of the
circuit back into its original, complex form, plugging in values of
voltage and current where appropriate until all values of voltage
and current are known. Here, calculate the current through each
parallel resistor (R; and Ry) in the parallel resistor combination.
Use Ohm’s Law.
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|1:V1/R1
I, =25V /100 Q
L =0.25A
|2:V2/R2
l, =25V /100 Q
l,=0.25A

Enter I; and |, into the solution table (Table 6).



Resistance | Voltage Current
R1T |R1=100Q | V1=25V [I1=0.25 A
R2 | R2=100Q [ V2=25V | 12=0.25 A
R3 | R3=50Q [V3=25V | I3=05A
Total| Rr=100Q | Vr=50V | IT=05A
Table 6

= Step 8: Calculate power dissipations from known voltage,
current, and/or resistance values.

P,=Vixh
P;=25Vx0.25A
P, =6.25W

P,=Voxl,
P,=25V x0.25A
P,=6.25W

P;=Vs3Xxl3
P;=25Vx05A
P;=125W

PT:VTX|T
Pr=50Vx05A
Pr=25W

The final solution table (Table 7):

Resistance Voltage Current Power
R1T |R1=100Q [V1=25V|I1=025A|P1=6.25W
R2 |R2=100Q [V2=25V |12=025A|P2=6.25W
R3 | R3=50Q [V3=25V| I1I3=05A |P3=125W
Total| Rr=100Q | V=50V | IT=05A Pr=25W

Table 7




Summary of Values:
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P:=125W



o Example 2: This combination circuit is a more complicated set of
series and parallel resistors. See Figure 10.
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Solve for the all of the unknowns in Table 8.
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o Contracting the Circuit: Finding the Total Resistance, Rt and

Total Current, It :

= Step 1: Assess which resistors in a circuit are connected

Resistor | Resistance Voltage Current
RA1 R1 =100 Q V1 1
R2 R2 =100 Q V2 12
R3 R3=50Q V3 13
R4 R4 =56 Q) V4 14
R5 R5 =56 Q V5 15
R6 R6 =150 Q V6 16

Totals Rr Vr=100V Ir
Table 8

together in simple series or simple parallel. In this circuit, R,

and R3 are in simple series in a parallel branch. Also, R4

and Rs are in simple parallel configuration.

= Step 2: Re-draw the circuit, (Figure 11), replacing each of
those series or parallel resistor combinations identified in

Step 1 with a single, equivalent-value resistor.

10
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To determine the equivalent resistance R, 3, add the series
resistors R, and R3 together.

R2,3:
R23=R2+R3
R23=100Q + 50 Q
R2,3 =150 Q

Also determine the equivalent resistor R4 5 for the
parallel resistors, R4 and Rs, using the formula for parallel
resistors of equal value.

R4y51
R4,5 = R/N
R4y5 =56Q/2
R4,5 =28 Q

Step 3: Repeat Steps 1 and 2 until the entire circuit is
reduced to one equivalent resistor. (Step 1) - R; and Rz 3
are in a simple parallel configuration. R,4s and Re are in a
simple series configuration. (Step 2) - Re-draw the circuit,
(Figure 12), with Ry 23 replacing R; and Rz 3 and Ry 56

replacing R4 5 and Reg.
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100V

Determine the equivalent resistor R; »,3 for the parallel
resistors, R; and R 3, using the formula for two parallel
resistors.

R12,3:
Ri2,3=R1XR23/R1+ R23
R12,3=100 Q2 x 150 Q2/100 Q + 150 Q
R12,3 = 15,000 Q% / 250 Q
Rlyz,g =60Q

Determine the equivalent resistor R4 56 for the series
resistors, R4 5 and Rg, using the formula series resistor
formula.

Rase:
Rss6 = Ras5+ Re
Ruse =28 Q + 150 O
R4,5,6 =178 Q

Step 3 again: Repeat Steps 1 and 2 until the entire circuit is
reduced to one equivalent resistor. (Step 1) - Ri23and Rase
are in a simple series configuration. (Step 2) - Re-draw the

yyyyy
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R1,.234,56
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Figure 13

yyyyy

resistors R; 23 and R4 56 using the formula series resistor
formula.

R123456=R123+ Rase

vvvvv

Ri23456 =238 Q
R123456 = Rt

12



Resistor | Resistance Voltage Current
RA1 R1 =100 Q V1 11
R2 R2 =100 Q V2 12
R3 R3=50Q V3 13
R4 R4 =56 Q) V4 14
R5 R5 =56 Q V5 15
R6 R6 =150 Q V6 16

Totals | Rr=238Q [ Vr=100V I
Table 9

= Step 4: Find the total current for the circuit.

IT = VT / RT
lt =100V /238 Q
It =0.42 A

See Table 10:

Resistor | Resistance Voltage Current
R1 R1 =100 Q V1 11
R2 R2 =100 Q V2 12
R3 R3=50Q V3 13
R4 R4 =56 Q V4 14
R5 R5 =56 Q V5 15
R6 R6 =150 Q V6 16

Totals Rr=238Q [Vr=100V | IT=0.42 A
Table 10

o Expanding the Circuit: Find all remaining values of voltage and

current.

= Step 5: Taking total voltage and total current values, go
back to last step in the circuit reduction process, (Figure

8.12), and insert those values where applicable.
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Determine the current through each series resistor in the
equivalent circuit in Figure 14.

IT = |1,2,3 = |4,5,6 =0.42 A

Also, we can calculate the voltage drop Vi 23 across
resistor Ry 2 3.

Vi23=1l123XR123
V1,2,3 =0.42 Ax60Q
V1,2,3 =252V

Step 6: From known resistances and total voltage / total
current values from Step 5, use Ohm’s Law to calculate
unknown values (voltage or current). See Figure 15.
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and Ry 3:

Since R; and Ry 3 are parallel resistors, the voltage drops V;

and V3 are the same value and equal to Vi 2 3.

V1 = V2,3 = V112'3 =252V

14



Knowing V1 and Ry, solve for I;:
|1 = Vl / Rl
I, =25.2V /100 Q
I, =0.25A

The current through R; 3 is the total current |7 less 1.

loa=I1-11
|23 =0.42A-0.252 A
lhs=0.168 A

I3 could have been solved using Ohm’s Law, I3 =V23/ R23

R45 and Rg:

R45 and Rg are in series so they have the same current
through them as Ry 5.

|4,5,6 = |4,5 = |6 =042 A
Knowing lg and R, solve for Ve:
Vs =1ls X Rg
Ve =0.42 AXx 150 Q
Ve =63V
Knowing l45 and R4 s, solve for Vg4 5:
Vas=las X Rys
V4,5 =042 AXx28Q
V4,5 =118V

Update the solutions table with the values of Vi, I1, Ve and Ig
(Table 11).

Resistor | Resistance Voltage Current
RA1 R1=100Q [ V1=252V | I11=0.252 A
R2 R2 =100 Q V2 12
R3 R3=50Q V3 13
R4 R4 =56 Q) V4 14
R5 R5 =56 Q V5 15
R6 R6E=150Q | V6=63V | 16=042A

Totals Rr=238Q | Vi=100V | IT=042A
Table 11
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= Step 7: Repeat steps 5 and 6 until all values for voltage and
current are known in the original circuit configuration.
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R, and Ras:

R, and R3 are in series so they have the same current
through them as Rz 3.

los3=1>=13=0.168 A

Knowing |, and R», solve for Vy:

Vo= xRy
V,=0.168 A x 100 Q
V,=16.8V

Knowing I3 and R3, solve for Vs:

V3=I3XxR3
V3=0.168 A x50 Q
V3=84V

R4 and Rs:

Since R4 and Rs are parallel resistors, the voltage drops V4
and Vs are the same value and equal to Vg 5.

V4 = V5 = V4,5 =118V

Knowing V4 and Ry, solve for ly:

|4:V4/R4
l,=11.8V /56 Q
I, =021 A
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Since R4 and Rs are equal,

Record voltages and currents into the solution table

(Table 12).

Resistor | Resistance Voltage Current
RA1 R1=100Q [ V1=252V | I11=0252A
R2 R2=100Q [ V2=16.8V | 12=0.168 A
R3 R3=50Q | V3=8.4V |13=0.168 A
R4 R4A=56Q (V4=118V | 14=0.21 A
R5 R5=56Q [V5=118V | I15=0.21 A
R6 R6E=150Q | V6=63V | 16=042A

Totals Rr=238Q | Vi=100V | IT=042A
Table 12

= Step 8: Calculate power dissipations from known voltage,
current, and/or resistance values.

Pi,=Vixh
P, =252V x0.252 A
P;=6.3W

P,=Vyxl,
P,=16.8V x0.168 A
P,=28W

P;=Vi3Xxl3
P;=8.4V x0.168 A
P;=14W

Ps=V4Xxly
P,=11.8Vx0.21 A
P,=25W

Ps=Vs XI5
Ps=11.8Vx0.21 A
Ps=25W

Pe=Vg X lg
Ps=63Vx042A
Ps=26.5W

PT:VTX|T
Pr=100V x0.42 A
Pr=42 W



Check power total:

Pr=P1+Py+P3+Ps+Ps+ Pg
Pr=63W+28W+14W+25W+25W+265W
Pr=42.0W

The final solution table (Table 13):

Resistor | Resistance Voltage Current Power
RA1 R1=100Q [ V1=252V | I11=0252A | P1=6.3W
R2 R2=100Q [ V2=168V |[I12=0.168A | P2=28 W
R3 R3=50Q [ V3=84V |[I3=0.168A| P3=14W
R4 R4A=56Q [(V4=118V | 14=021A | P4=25W
R5 R5=56Q [V5=118V | 15=021A | P5=25W
R6 R6E=150Q | V6=63V | I6=042A |P6=265W

Totals Rr=238Q | Vi=100V | T=042A | Pr=420W
Table 13
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Summary of Values:
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o Example Problem 1:
= Solve for all of the unknowns in the following circuit. Fill in
each unknown in the table below the circuit.

R1 R3
33 L 2“5\'“
= - - -
=3 25 #5n
Resistance Voltage Current Power
R1 R1=33Q
R2 | R2=15Q
R3 | R3=220Q
R4 | R4=47Q
Total V=24V

0 Remember, to solve series circuit problems, you can use any or
all of the following equations:

Rr=R1+ R+ R3+ ... + Ry
Vi=Vi+Vo+V3+ ...+ Vy
IT:|1:|2:|3 :---IN
V=IxR

o Remember, to solve parallel circuit problems, you can use any or
all of the following equations:

1/Rt=1/R1+1/R, + 1/R3 +........... +1/Ry
VT:V1:V2:V3: ..... VN
lt=hh+lh+I3+ ...+ 1y

V=IxR

20



o Example Problem 2:

= Fill in the known values then solve for all of the unknowns in
the following circuit.

R1 R3
MY
100 100
Eem— ] L 2 ]
R2
A
5 _ 200
T e—— < =
=3 35 £3q
R6
AV .
47
Resistance Voltage Current Power
R1
R2
R3
R4
R5
R6
Total

0 Remember, to solve series circuit problems, you can use any or
all of the following equations:

Rr=R1+R+R3+ ... + Ry
V=V +Vo+Vz+ ...+ Vy
|T:|1:|2:|3 :---IN
V=IxR

0 Remember, to solve parallel circuit problems, you can use any or
all of the following equations:

1/Rt=1/R1+ 1R+ 1/Rz +........... +1/Ry
VT:V1:V2:V3: ..... VN
ltT=h+b+I3+ ...+ 1y

V=IxR
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e You are given a black box with two terminals. The box is known to contain
six 1-ohm resistors. Using ohm-meter, you measure the resistance

0.75 Ohms
1.5 Ohms
2.25 Ohms
3 Ohms
4.5 Ohms
6 Ohms

each resistance value.

Example Problem Solutions:

o0 Example Problem 1:

between the terminals to be the following:

Determine the configurations of the six resistors inside the box that create

Resistance Voltage Current Power
R1 R1=33Q | V1=1748V | I1=0530A | P1=925W
R2 | R2=15Q | V2=652V | 12=0435A | P2=284 W
R3 | R3=22Q0 | V3=208V | I3=0.095A | P3=020W
R4 | R4=470Q | V4=444V | 14=0095A | P4=042W
Total| Rr=45.3 Q V=24V lr=053A | Pr=1271W
o0 Example Problem 2:
Resistance Voltage Current Power
R1 R1 =100 Q V1=666V |[11=0.0666A |[P1=0.443W
R2 R2=200Q | V2=1331V |12=0.0666 A |P2=0.886 W
R3 R3 =100 Q V3=6.66V | 1I3=0.666 A |P3=0443W
R4 R4 =56 Q V4=443V | 14=0.079A |P4=0.350W
R5 R5 =82 Q V5=443V | 15=0.054 A |P5=0.239 W
R6 R6 =47 Q V6=6.26V [16=0.1331 A|P6=0.833W
Total| Rt =180.28 Q VT=24V Ir=0.1331 A |Pr=3.194 W

22




