Chapter 6:
Series-Parallel Circuits

Instructor: Jean-Francois MILLITHALER

http://faculty.uml.edu/JeanFrancois_Millithaler/FunElec/Spring2017
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Identifying series-parallel relationships

Most practical circuits have combinations of series and
parallel components.

Components that are connected in series will share a
common path.

Components that are connected in parallel will be
connected across the same two nodes.
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Combination circuits

Most practical circuits have various combinations of series and
parallel components. You can frequently simplify analysis by
combining series and parallel components.

An important analysis method is to form an equivalent circuit.

An equivalent circuit is one that has characteristics that are
electrically the same as another circuit but is generally simpler.
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Identifying series-parallel relationships
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Identifying series-parallel relationships

— R+ R,is in series —

Y
B B
Ao —M—s s AW
R, R R, R,
2k 2k —> R 2R
Co L Co =
Ao— R +R,
C o >

- |
ing wi Slide 5 umass
Learning with Purpose LOWELL




Identifying series-parallel relationships
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Blue groups
are in parallel.
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Identifying series-parallel relationships

Ao—— (R, +Ry) IR,

Blue groups
are in

parallel. _
x'\-\.

A

Beige groups
are in series.

y ’
R,and R,
are in series.

RT = [R] + R—'l) ” Rﬁ
+(Ry+ Rs) | Ry

(R, +R5) I Ry
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Examples

R R,
R, Wy R]é R R
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Rr=R; + Rs + R, || (R; + Rj) Rr=R;+ R, [| R3+ Ry [| R
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Total resistance

R,
AO MN *
10 0}
R, R,
]Oﬂﬂ'§ 100ﬂ§
B O °

Identifying the components

Total resistance R;= R;+ R, || R3= 10 + 50 = 60 Q
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R, R,
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Find Ry= 148 O
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Total Current

— O L
L, SR
S| <3300
Vs5V R, B
560 ()
L= R 1| = R
<3300 560 ()
+ O > L
:
%
Ohm’s law: I = ==
Rt
Find I, = 3.45 mA (I, =9.29 mA)
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Voltage Relationships

R]
A 1.0 kQ 3
L ®
R, i
: 2.2 kQ R,
Vg == 10V R, 330 )
B 1.8 k() R
680 Q)
L g
B
Find Rz, R R
d Ragr Rec & Ry V,=V,=5.15V
_ V;=4.85V
Find V4, V,, V5, V,, and V: V, = 1.58 V
V.= 3.27 V %,
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THE WHEATSTONE BRIDGE
Sir Charles Wheatstone, 1802-1875

Used to precisely measure resistance
Used also in conjunction with transducers

Transducer = sensor.
Change physical parameter in resistance, for example. >
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THE WHEATSTONE BRIDGE
The balanced bridge

Balanced bridge when the output
Vour = OV

We have then V,=V, and V5=V, T

V I.R I,.R

Vl 2 1°°1
Therefore — = — and
V V I.R I R

3 4 373 4" "4
Since I,= I; and I,= I,

R, R, _ R
We got — = —*= and finally R{ = R; >
R, R, R,

Bridge to find an unknown resistance
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THE WHEATSTONE BRIDGE

Example

Determine the value of R,.
The bridge is balanced (Vo = 0 V)
when R, is set at 1200 O

Ry
1200 )

Ry
100 €2

R 150
R, = RVR—Z = 1200 * = = 1800 0
4
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THE WHEATSTONE BRIDGE

Transducer

Unbalanced bridge when the output

Vour # OV
Used to measure several types of physical
quantities such as mechanical strain, -4
temperature, or pressure. ="
Connecting the transducer in one leg of the
bridge.
The resistance of the transducer
changes proportionally to the changes in
the parameter that it is measuring.
If the bridge is balanced at a known point, then the amount of
deviation indicates the amount of change in the parameter being
measured.
Therefore, the value of the parameter being measured can be
determined by the amount that the bridge is unbalanced >
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THE WHEATSTONE BRIDGE

R
therm

1.0 k() @ 25°C

Determine the output voltage of the
temperature-measuring bridge circuit if the
thermistor is exposed to a temperature of 50°C
and its resistance at 25°C is 1.0 kQ.

Assume the resistance of the thermistor
decreases to 900 Q at 50°C.

RE
1.0 kQ

R 4
1.0 k()

Ry
1.0 k{2

At 250C the bridge is balanced. =

At 50°C the bridge is unbalanced. We can apply the voltage-divider formula to
the left and right sides.

Va=(z—) Vs = (co2) 12V = 632V

Rz+R¢herm 1kQ+900Q
_ (_Ra _ (1kQ _
Vp = (R2+R4) Ug= (ZkQ) LAV S
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THEVENIN's Theorem
Léon Charles Thévenin, French Engineer, 1857-1926

What for ?
To simplify Electric Engineer’s Life !!!

Simplify a complicate series-parallel circuit into an
equivalent circuit

Consists of an equivalent voltage source V.
And an equivalent resistance R

AM—— 4

I
I‘T]]

— V1y
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THEVENIN’'s Theorem

The Thevenin equivalent voltage V., is the open circuit
(no-load) voltage between two specified output terminals in a circuit.

The Thevenin equivalent resistance R, is the total resistance
appearing between two specified output terminals in a circuit with all

sources replaced by their internal resistances (which for an ideal
voltage source is zero).

Original Output

- Thevenin’s Output
circuit terminals

equivalent terminals
circuit l

WS )
WS
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Circuit “complicate”

Three steps: #1

R,

/

Output terminals

Step 1: Find V44 = Find the voltage between A and B
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R,

')
B
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oV
~Same
voltage
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B
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Three steps: #2

Step 2: Find Ry

Short-circuiting the battery
Find the resistance between A and B

R, R A
W——W——o0
Vs | *". Ry 1s in , o
replaced IlI series with Ry = R + R 11 R,
by short '||/4§ R, R,IIRy @
Q@ Rjand R,
are n
parallel.

o O
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Three steps: #3

Step 3: Combining both V;4 and Ry
Thevenin equivalent circuit
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Rty

OB
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Depends on the viewpoint

R,
R,
_|_
Vs = o oB
2k
° o(C
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Viewed from
terminals
Aand B

Viewed from
terminals
Band C

Viewed from
terminals
Aand C
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Depends on the viewpoint

Rl
Mo
+ R;
Vg —
B o
o C
R]
R,
. )
Vg — B
B .
o
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Rl
Wy o
Ry
~=i— ;‘IH
R,

o (C

Rl
RZ
B
R3 ~— 1"\"”_]

o (C

RTH{BC] = R3 I (Rl + Rz)

)
li‘THr..JLCJ

MA, oA

I-I—

— 1":TH (AC)

o (C

Thevenin equivalent

) ]
Rruse)

W\, o B

I-l-

: 1":THt BC)

o C
Thevenin equivalent
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Thevenizing a Bridge Circuit

R
R, R,
= . R R R R
Vs o £ 1 2 o] 1 Vi 2
- = o o Vs == ° o
R R = A B — A B
3 - R, R, R, R,
R, R4
Vir = Vi — Vo = - Ve — ' 7
R,
A AM\—o
R, R, R
+ TH
]) R2 ~— R'I'H v R § R
o © = L
) A B H™==
R; Ry OB B
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Maximum Power Transfer Theorem

For a given source voltage, maximum SEEDEE
power is transferred from a source to a
load when the load resistance is equal
to the internal source resistance.

L+
I
s>
Q =

Vs
Maximum power is transferred to the
load when R, = R..

O =

P
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Maximum Power Transfer Theorem

Rs

0 =

|+

Q=

Example: Determine the load power for different values of
the variable load resistance [0:125] Q

Solution: Using Ohm's law and Power Formula
For Rp = 0 Q

I_RS+RL_75+0

P, =1?R, =133?+0=0W

= 133 mA

P
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Maximum Power Transfer Theorem

P, (mW)
,&X ! Maximum for R =R
75 Q 400 - \l
+—— VS S e
_: 10V Ry 300__':::::::::::::::! _______ Lo - .
2 [ W S . |
. 200- |
FOFRL=OQ:PL=OW
For RL = 25 Q: P, = 250 mW 100-
For R, = 50 Q: P, = 320 mW L i
ForR, = 75 Q:P, = 334 mW e 8§ Y BER >
L L (_)T 25 50 75 100 125 R (Q)

For R, = 100 Q: P, = 326 mW
For R, = 125 Q: P, = 313 mW

Note that R¢ = Ry if we are using the Thevenin’s Theorem >
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Superposition Theorem

What is happening when there are two or more voltage sources ???
How do we calculate I, ??7?

=
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Superposition Theorem

Vs1 ——

Wy

R,

/VV\’

+ Ry

Vs —=

$n

R;

D)

Tl

O

Determine Ry; and I
Then I,

Learning with Purpose

Problem: Find I,

Short
replaces

Vsa

Short
replaces

v

I, = Lisiyt+ Lysy

Vo1 —

®
— g Rz
Q
&

/VV\’

R;

R,

_|_

O

VS")

t

Determine R, and I,
Then Is,,
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Superposition Theorem

Example
R, R,
MWy ’ MWy
) 100 Q) 330 ()
= R, —
mi.1 T— g 220 Q)

Find I,, the current through R,

[+

=

52

5V

1_ short replace Vs,, find Ry, then I; and finally I,
Rrj=232 W // I1; = 43.1 mA // I,5;)=25.9 mA

2_ short replace Vg;, find Ry, then I}, and finally I,
Rrj=399 W // I1; = 12.5 mA // I,51,=3.9 mA

I, =151y + I35 =25.9 + 3.9 = 29.8 mA
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