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Series Parallel Circuit Concepts

« Often found in electronic circuits are combinations of series and
parallel circuits.

* It Is Important to be able to identify how the components in a circuit
are arranged in terms of the series and parallel relationships.

* Recognize how each resistor in each circuit relates to the other
resistors.

* Series resistors always share the same current through them.

* Parallel resistors always have their terminals connected to two
common nodes.



Series Parallel Circuit Concepts

« An important circuit called the Wheatstone bridge is a very useful series-parallel
circuit that is used extensively in a variety of residential and industrial
applications.

* A concept called the thevenin’s equivalent can be used to simplify circuits that are
seen by a certain load for the purpose of load matching and maximum power
transfer, also for the purpose of protecting the load from going over the power
rating of that load.

e Some circuits have one or more voltage sources, one or more current sources or
any combination of both types of sources.

* When a circuit contains such combinations, a principal called the superposition
principal can be used to analyze the circuit.



Series Parallel Circuit Concepts

* The following circuits are examples of series parallel circuits.

Parallel:
R2 in Parallel with

R1 the series combination
IKO of R3 & R4
Vs R2
— 6KO
12v |
R5
1.2k
c R1 A
1kQ R2 is in parallel with R3,
they share the two
common nodes which are A & B.
Vs R2 R Riisin pare ith R
1 s in parallel with R3
— 12V 10kQ2 15k0 they share the two
commaon nodes which are A & C,
R4 is in series with both the parallel
R4 combination of R2 & R3 and the
parallel combination of R1 & R5.

2kQ)
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Series Parallel Circuits Example

* For the following circuit, find:
a- The total resistance seen by the voltage source.
b- The total current I sourced by the voltage source.
C- Ir1, Ir2, [p3 & Ipy.
d- Vr1, Vr2s Ve & Vpy.
e- The power consumed by R; , Ppq

R1

Tk

51;, - £10k0 215k0

R4

Mty
2k()
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Series Parallel Circuits Example

* For the following circuit, find:
a- The total resistance seen by the voltage source.

R1
1kQ
Vs RT R2 R3
— v b 10kQ 15k0)
R4
2kQ
R1, R4 and R2_3 are now in series. Therefore their equivalent
resitance is the total resistance seen by the source Vs
RT=R1+R4 +R2_3
1K+ 2K+ 6K = 9K
R1
1kQ
vs AT R2_3 RT RT
= . 6kQ Vs
— 12V =1 . 9KQ
_
R4
2kQ
R2 & R3 are in Parallel. Therefore:
R2_3=(R2* R3)(R2 +R3
= (10 K " 15K){10K + 15K}
=6K
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Series Parallel Circuits Example

* For the following circuit, find:

b- The total current I sourced by the voltage source.
Vr _ V. 2V
Ip =L =—5="""=13333mA

R1 A
1kQ
Ly l”:az lIF%B
| IT
RT At Node A, IT divides between the current through R2 & the
Vs R2 R Current through R3. The current division formula can be used
=1V " 10kQ) 15kQ)  to determine IR & IR3.

MNotice that IR2 and IR3 would join at Node B 1o from the total
T rrrrrrr tIT again
IT lIRE
R4 IR3
2kQ
B

R1
1k0
IT IT
vs AT R2_3 ve RT RT
— - 6kQ) -
_—
R4
2kQ
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Series Parallel Circuits Example

* For the following circuit, find:
C- Ir1, Ir2, [p3 & Ipy.

R1 A
1kQ
= IR2 IR3
‘ IT
RT At Node A, IT divides between the current through R2 & the
Vs R2 R3 Current through R3. The current division formula can be used
= 12v " 10k0) 15k} to determine IR & IR3.
r Nolice that IRZ? and 1IR3 would join at Mode B lo from the total
T current IT again
IT
i lIR2 IR3
2kQ
B
R1
1kQ
IT IT
vs AT R2_3 ve RT RT
— [ okQ) _
— 12V v — 9KO
® <}
R4 =
2kQ)
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Series Parallel Circuits Example

* For the following circuit, find:
C- Ir1, Ir2, [p3 & Ipy.

R1 A
My
1kQ
B IR2 IR3
| IT=1333 mA
Vs R2 R3
— 2V §1Ukﬂ §15kﬂ
T IT=1333 mA
R4 lle IR3
k0
B +}
The total current IT passes through R1 as well as through R4. Therefore: BT1=(R2* - - ‘
= - - ={R2 " R3)(R2 + R3) = (10K ~ 15K)/[10K + 15K)
IT=IR1=1R4 =1.333 mA. RT1 = 6K

At Node A, IT divides between the current through R2 & the
Current through R3. The current division formula can be used

to determine IR2 & |R3.
Molice that IR2 and 1IR3 would join at Node B to from the total

current IT again

Using the current division formula, we can delermine the currents through R2 & R3

The current division formula is given by
IRx ={IT * RT1) / Rx, where this RT1 is the equivalent resistance of the parallel Combination
seen by the total current which in this case the R2_3 that was calculated earlier as GK.

IR2=(IT*RT1)/R2 ={1.333 mA " 6K)/ 10K = 0.8 mA_
IR3=(IT*RT1)/R3 ={1.333 mA " 6K}/ 15K = 0.5333 mA.
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Series Parallel Circuits Example

* For the following circuit, find:
d- Vr1, Vr2, Vrz & Vipa.

e Using Ohm’s Law, Vp, = I, X RX, Therefore:
* Vpi =1Ip; xR1=1.333mA x 1K =1.333 V
* Vpy =Ipy X R2=0.8mMA x 10K =8V =V,_j
* Vp3 =Ip3 X R3=0.533MA x 15K =8V = V,_
* Vpy = Ips X R4 =1.333mA x 2K = 2.667V

* Checkthat V, =Vpy + Vps + V4_p = 1.333V + 2667V + 8V = 12V = Vs
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Series Parallel Circuits Example

* For the following circuit, find:
e- The power consumed by R, , Pgq

The power consumed or absorbed by a resistance is given by any of the following equations:

Pr =V x I
_ Ve

Pr =

Pr =I5 xR

 Where:

e Py is the power consumed by R.
» Vg is the voltage across R.
® IR is the current through R. Paramount Electronics Services



Series Parallel Circuits Example

* For the following circuit, find:
e- The power consumed by R, , Prq

Using any of the equations stated earlier, the power consumed by the resistance R, or
absorbed by it is given by:

Pp = Vg x I = 1.333 mA x 1.333V = 1.7777 mW
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This Concludes the Series Parallel Circuits
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Thevenin’s Equivalent Concepts

 Often when an external circuit component is connected to two point on a circuit
(ex: a system), it Is Imperative to realize what voltage and what resistance are
seen between those two points by that external component.

* In fac_:%, there Is a voltage and a resistance seen between any two points in the
circuit.

» The resistance and voltage seen between those two circuit Eoints are called the
Thevenin’s equivalent between those two points, Vth & Rth.

* There 1s also the current equivalent of the thevenin’s equivalent which is called
the Norton Equivalent.

* The Norton equivalent is made of I-Norton (IN)and R-Norton (RN). Where IN IS
represented by a current source that is in parallel with RN and:

 IN=Vth/Rth &
« RN =Rth



Thevenin’s Equivalent Concepts

Circuit to connect external component to

.............. —MAA— L A Point A
1k 1k0)
11
1A R2
Vi 1kHz 1k
— 12V 0°
T
Point B

Rth
Vth

* Block diagram representation of a thevenin’s equivalent.

Al—

R_External

—

Circuit terms explained in later slide.



Thevenin’s & Norton’s Equivalent Concepts

° b
Thevenin’s Norton’s
* The thevenin’s equivalent circuit. « The Norton’s equivalent circuit:
C tt t ext | comp tt Point A
| N CT)H\H §RN‘I Maorton's Equivalent
T o R_External R_External
oo Point B '_

Iy: Norton’s Current
Ry : Norton’s Resistance

Circuit terms explained in later slide. Iy = Vru

RTH

Ry = Rth



Why Thevenin’s

* Some of the reasons why the thevenin’s equivalent 1s needed are:

* The current that flows into the load connected to the circuit whose thevenin’s equivalent is
determined would be known and based on that, the correct load with the correct power
ratings can be determined.

« Maximum power is transferred to the load if the value of the load is equal to the thevenin's
resistance Rth. Examples of that are:

« LAN segments are normally terminated by a 220 Q resistance. This is because the
thevenin’s resistance of the LAN segment has a value of 220 Q. Therefore, maximum
power transfer occurs.

« TV antenna wires are connected to the TVs through two connectors on the back of the
TV. One connector indicates 60 € and the other 75 Q.

* The 60 € is used for the VHF band (very high frequency). With those frequencies,
the thevenin’s resistance of the antenna wires 1s equal to 60 Q.

 The 75 € is used for the UHF band (Ultra very high frequency). With those
frequencies, the thevenin’s resistance of the antenna wires 1s equal to 75 Q.



Thevenin’s Equivalent Concepts

« R_External is the component that is to connect to two circuit point A & B.

* When finding the thevenin’s equivalent, always disconnect the load which 1s in
this case R_External.

 Between Points A & B, there are always:

« Vth, which is the voltage seen between points A & B. Think of it as the voltage reading
you get when you connect a voltmeter across points A & B.

« Rth, which is the resistance seen between points A & B. Think of it as the resistance
readlng you get when you connect an ohmmeter across points A & B with all the power
sources replaced by their internal resistances. When calculating Rth, all sources must be
replaced by their internal resistances. There should no actual voltage sources or
current sources in the circuit.

* When calculating Rth:

* The internal resistance of a voltage source is ideally 0, therefore the voltage source is replaced
by a short circuit.

» The internal resistance of a current source is ideally infinity; therefore, the current source is
replaced by an open circuit.



Thevenin’s Equivalent With A Voltage Source Example

* For the following circuit:
a- Find the Thevenin’s Resistance Rth seen by RL.
b- Find the Thevenin’s Voltage Vth seen by RL.
c- Draw the thevenin’s and the Norton's circuits including RL.

d- Use the thevenin’s circuit to calculate the power delivered to the load resistance
RL.

e- Is that the maximum power, if not, what is the maximum power that can be
transferred?

R1 R3 A
AR A .
3KO 4.6kQ)

EL
Vs R2

12V
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Thevenin’s Equivalent With A Voltage Source Example

a- Find the thevenin’s resistance Ry seen by R; .

* When finding the thevenin’s equivalent seen by an element across any two
points, the element connected to those two points is to be disconnected.

* In addition, when finding R, all voltage sources are to be replaced by
shorts & all current sources are to be replaced by opens.
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Thevenin’s Equivalent With A Voltage Source Example

a- Find the thevenin’s resistance Ry seen by R; .

Finding Ry

 Disconnect the load resistance R; and replace the voltage source by a short circuit. Then
looking into the circuit calculate the total resistance seen between points A & B. That is

RTH-

R1 R3 A
AR MMM . —
IKD 4.6k0

Paramount Electronics Services



Thevenin’s Equivalent With A Voltage Source Example

a- Find the thevenin’s resistance Ry seen by R; .
Finding Rry:

 Use the concepts of series and parallel resistances to end up with a total resistance
called Rth as indicated below.

R1 R3 A
3KQ 4.6k0)
R2 RL
6KQ Rth 3.3k0
—
B
R1is in Parallel with R2. l
R1||R2 = (R1~R2)/(R1+R2)

R1[| R2 = (3K " 6K}/ {3K + BK)

R1IIR2 = 2K
R3 A A
4.6k0
—_—
R1[IR2 RL Rth RL
2KO Rth 3.3kQ R || R2 is in series with R3 66ko  Rth 3.3k0
— Rth = RT = R1| R2 + R3 —
Rth = 2K + 46K = 6.6 K
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Thevenin’s Equivalent With A Voltage Source Example

b- Find the thevenin’s voltage V- seen by R; .

Finding V;y:

 With the load resistance still disconnected, the voltage value between points A & B is
Vry. Veg 1s calculated using any of the circuits analysis techniques discussed thus far.

« Also, the voltage source is replaced back into the circuit.
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Thevenin’s Equivalent With A Voltage Source Example
b- Find the thevenin’s voltage V5 seen by R; .

Finding V;y:

R1 R3 A
AAA A . —
3KQ 4.6k
RL
Vs R2 Vth
—12v §5Kﬂ §3.3kﬂ
B

Vth is the sum of the voltages across R3 and the voltage across R2.
There is no current flowing through R3 since it is an open circuit. Therefore VR3 = 0.

The fact that B3 is an open circuil leaves the notion that the voltage source Vs sees
RF1 & R2 in series. Therefore, the voltage division formula can be applied to find the

vollage across B2

VRZ = (Vs * R2)/ (R1 + R2)
VR2 = (12V * 6K) / (3K + 6K) = 8V

Therefore Vih = VR2 + VR3 = 8V + 0V = 8V
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Thevenin’s Equivalent With A Voltage Source Example

c- Draw the Thevenin’s and the Norton’s circuits including RL.

* The following circuit shows the thevenin’s & the Norton’s equivalent circuits
respectively with R; included.

Thevenin’s Norton’s

A CDIH §RH §RL
Rth 1.2mA 6.66K0O 3.IKQ
6.6kQ)
| Vth RL .
— v §3.3kﬁ B
EM = Rith
IM =Vth ! Rth
B BVI6.66K

1.2 mA
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Thevenin’s Equivalent With A Voltage Source Example

* d- Using the thevenin’s circuit calculate the power delivered to the load
resistance R; .

» The Power delivered and consumed by R; is given by any of the following equations:

VR2

~ VR, 2
° PRL_VRLXIRL__RL =Ig,” X Ry

 The thevenin’s circuit shows that Ry and R, are in series with each other. Therefore, using
voltage division:
VT xr; _ 8V X 33K

* VoL = - = 2,667V .
RL (RTg+ R1) (6.6K+3.3K) E{},
VRL® 2.66V72 _L Vith RL
: — BV 1
* Pp = R = = 2.155 mW - 33k0
RL 3.3K
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Thevenin’s Equivalent With A Voltage Source Example

e- Is that the maximum power, if not, what is the maximum power that can be transferred?

This is not the maximum power delivered. The maximum power delivered and consumed
by RL only occurs when the value of RL is equal to Rth. The maximum power can then
be determined by any of the following equations:

_ _ VRL?
Pri=Vgy X Igy, = R,

= IRLZ X Ry,

The thevenin’s circuit shows that Rth and RL are in series with each other. Assuming that
RL is equal to Rth and using voltage division:

_ Vrxry, _ 8V X6.6K
— = — 4V
(RTH+ RL) (6.6K+6.6K)

VRL

2
_VRL® _ 4v?
° PRL —

— 242 mW

RL 6.6K Paramount Electronics Services



Thevenin’s Equivalent With A Current Source Example

* For the following circuit:
a- Find the Thevenin’s Resistance Ry seen by R; .
b- Find the Thevenin’s Voltage V4 seen by R; .
c- Draw the thevenin's circuits including R; .

R1 R3 A
A A
IKQ 4kQ
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Thevenin’s Equivalent With A Current Source Example

a- Find the Thevenin’s Resistance R;y Seen by R;.

* When finding the thevenin’s equivalent seen by an element across any two points, the
element connected to those two points Is to be disconnected.

* In addition, when finding Rth, all voltage sources are to be replaced by shorts & all
current sources are to be replaced by opens.
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Thevenin’s Equivalent With A Current Source Example

a- Find the Thevenin’s Resistance R;y Seen by R;.

Finding Ry
 Disconnecting R; to obtain:

R1 R3 A
A Ay . —
3IKQ A4kQ

|
(T) 3ma §ﬁR§ﬂ P S5k0
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Thevenin’s Equivalent With A Current Source Example

a- Find the Thevenin’s Resistance Ry Seen by R;.

Finding Ryy:
 Replacing the current source with an open circuit to obtain:

R1 R3 A
A Ay . —
IKQ 4kQ
R? RL
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Thevenin’s Equivalent With A Current Source Example

a- Find the Thevenin’s Resistance Ry Seen by R;.

Finding Rpy:
« Use the concepts of series and parallel resistances to end up with a total resistance
called Rth as indicated below.

R1 R3 A
A AP . —
3K0 4kQ
RL
R2 Rth
§ﬁm — §5kﬂ
B

Looking through points A & B to find the total resistance RT which will be equal to Rth

it can be seen that B1 is a dangeling component that will not sink or require any current,
Therefore it does not figure in the calculation of RT.

BT in this case is the series combination of B2 & R3

RT=R2 + R3 =6K + 4K = 10K

Rth = RT = 10K
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Thevenin’s Equivalent With A Current Source Example

b- Find the Thevenin’s Voltage V4 seen by R; .

Finding V-
« With the load resistance still disconnected, the voltage value between point A& B is
Vry. Itis calculated using any of the circuits analysis techniques discussed thus far.

R1 R3 A
Sy Sy —_—
3KO 4kQ

Is R2 RL
Rth
(Dma Soko SLLENNE

[P

Looking through points A & B, Vth is tyhe sum of the voltages seen between points A & B. Therefore:
Vith = VR3 + VR2.

Since R3 is a dangeling element as far as Is is concerned, it does not have any current passing through ot and
the vollage across il is equalto 0

The current Is will then only pass through B1 & B2, This implies that the voltage across R2 is given by
VR2 =15 * R2 = 3mA " 6K = 18V

Therefore:
Vith = VR2 + VR3 = 18V + 0V = 18V,

Paramount Electronics Services



Thevenin’s Equivalent With A Current Source Example

c- Draw the thevenin's circuits including R; .

* The following circuit shows the thevenin’s equivalent circuit with RL reconnected.

Rth A

Ay
10K0
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This Concludes the Thevenin’s & Norton’s Equivalent
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The Wheatstone bridge

The Wheatstone bridge circuit is widely used to precisely measure resistance. Also, the bridge is used in
conjunction with transducers to measure physical quantities such as strain, temperature, and pressure.

Transducers are devices that sense a change in a physical parameter and convert that change into an
electrical quantity such as a change in resistance or voltage.

For example, a strain gauge exhibits a change in resistance when it is exposed to mechanical factors such
as force, pressure, or displacement.

A thermistor exhibits a change in its resistance when it is exposed to a change in temperature.

The Wheatstone bridge is basically designed based on the concept of it being balanced or nulled.
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The Wheatstone bridge

* A Wheatstone Bridge circuit is shown in its most common “diamond” configuration as shown in figure
(a). It consists of four resistors, a voltage source connected across the top and bottom points of the
“diamond”. The output voltage is taken across the left and right points of the “diamond” between A and B.

* In figure (b), the circuit is drawn in a slightly different manner to clearly show its series-parallel
configuration.

(a) (b)

The Wheatstone Bridge

Paramount Electronics Services



The Balanced or Nulled Wheatstone bridge

The Wheatstone bridge is in the balanced bridge condition when the output voltage (V1) between
terminals A and B is equal to zero, Vv, =0V.

When the bridge is balanced, the voltages across R, and R, are equal (Vy; = V) and the voltages
across R; and R, are equal (Vg3 = Vg4) Therefore, the voltage ratios can be written as:

IR1 xRy _ IR2xR,

IR3 xRy IR4xRy

Since Iz = Ip3 & I, = I, , then the above formula reduces to: e

R3 Ry

%1 js equal to the ratio of ~2.

Therefore, the bridge is said to be balanced or nulled when the ratio of - -
3 4
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The Wheatstone bridge General Equations

« The Wheatstone bridge output voltage is the voltage between points A & B. This is the voltage that is used
as the basis of finding variations in quantities such as temperature, pressure, flow rate, etc.

« The voltage at point A, V, is determined by using the voltage division formula, where Vs is divided
between R; & R; where 1V, Is the voltage across R . Therefore:

Va=Vrs = R1+R3

(a) (b)

Ref Point Ref Point
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The Wheatstone bridge General Equations

« The Wheatstone bridge output voltage is the voltage between points A & B. This is the voltage that is used
as the basis of finding variations in quantities such as temperature, pressure, flow rate, etc.

« The voltage at point A, V, is determined by using the voltage division formula, where Vs is divided
between R; & R; where 1V, Is the voltage across R . Therefore:

"~ R2+R4

VB - VR4

(a)

Ref Point Ref Point
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The Wheatstone bridge General Equations

« The Wheatstone bridge output voltage is the voltage between points A & B. This is
the voltage that iIs used as the basis of finding variations in quantities such as
temperature, pressure, flow rate, etc.

Va—p=Va—Vs

* When the bridge Is balanced, the value of V,,,,; = V,_5 = 0.

* When the bridge is unbalanced, the value of V,,,; = V,_g could be either positive or
negative.

Paramount Electronics Services



The Wheatstone bridge General Equations

* The value of V,,,; can also be given by the following equation:

R3R; —R1Ry
1+ R3)(R2+ Ry)

Va—p =Vour = Vs (R

(a) (b)
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Balanced Wheatstone bridge Examplel

* For the following Wheatstone bridge:

a- Is the bridge balanced?

b- What are the values of the voltages at point A, V, & at point B, Vg?
c- What is the value of the voltage between pointsA& B, V,_g ?

R1 R2
k110] 2k

; 12V A_. + Vout - .B_

R3 R4
6k0) 4k0)
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Wheatstone bridge Examplel

* For the following Wheatstone bridge:

a- Is the bridge balanced?
 For the bridge to be balanced or nulled the ratio of % must be equal to the ratio of %

3 4
R1 _ 3K _

1
R; 6K 2

R, 2K 1

R4 4K 2
 The two ratios are equal which indicates that the bridge is balanced or nulled.
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Wheatstone bridge Examplel

* For the following Wheatstone bridge:
b- What are the values of the voltages at point A, V, & at point B, I/3?
_ Vs XRy _ 12V X6K

Vai=Vpa = =8V
A7 "R3 7 p14R3 ~ 3K+6K

Ve XRy _ 12V x4K
R2+R4  2K+4K

Vg =Vgy =

R1 R2
3kQ 2k0

_;__ 12V — . + Vout - L)

R3 R4
6k0) 4k}
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Wheatstone bridge Examplel

* For the following Wheatstone bridge:
c- What is the value of the voltage between pointsA& B, V,_g ?

e The value of V,_gz or V,,,; can be given by:
VA—B — VA _VB =8V -8V =0V

« Also, it can be given by:
R3R, —R{Ry,  _ 6K .2K —3K. 4K

=12V =0V
® (R1+ R3)(Rz2+ Ry)

* (3K+6K)(2K+4K)

Vout =

R1 R2
Jk0 2k0

R3 R4
6k0) 4k
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Unbalanced Wheatstone bridge Example?2

* For the following Wheatstone bridge:

a- Is the bridge balanced?

b- What are the values of the voltages at point A, V, & at point B, Vg?
c- What is the value of the voltage between pointsA& B, V,_g ?

R1 R2
2kQ 2k0
—12v =

R3 R4
6KO 4k}
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Unbalanced Wheatstone bridge Example2

For the following Wheatstone bridge:
Is the bridge balanced?

For the bridge to be balanced or nulled the ratio of % IS equal to the ratio of %.
3 4

Ry _2K _1

Ry 6K 3

Rp _2K _1

R4 4K 2

The two ratios are not equal which indicates that the bridge is not balanced or not nulled.

;12\,- +Vout- 2=
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Unbalanced Wheatstone bridge Example2

* For the following Wheatstone bridge:
b- What are the values of the voltages at point A, V, & at point B, /5?

Ve XR 12V X6K
R1+R3 2K+ 6K
Ve XR 12V X4K

Vg = Vgy = 24 = =8V

R24+R4  2K+4K

R1 R2
2kQ2 2kQ

R3 R4
6KO 4kQ
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Unbalanced Wheatstone bridge Example2

* For the following Wheatstone bridge:

c- What is the value of the voltage between pointsA& B, V,_g ?

* The value of V,_g or V,,,; can be given by:

VA—B =VA_VB =9V-8V=1v

 Also, it can be given by:

Vour =Vs

R3Ry, — R{R4 6K .2K — 2K. 4K

Paramount Electronics Services

(Ri+ R3)(Ry+ Ry) (2K+6K)(2K+4K) -1V

R1
2k0)

R3
6KO

R2
2k0)

R4
4k0



Unbalanced Wheatstone bridge Example2 Simulation Results

* The following shows the Multisim simulation results for the unbalanced Wheatstone
bridge.

AMM1

R1 s
gzm r §2kﬂ

RE
—12v

A Vout B

R3 R4

§Em §4m




The Unbalanced Wheatstone bridge

* The unbalanced bridge, Is used to measure several types of physical quantities such as
mechanical strain, temperature, or pressure.

* This can be done by connecting a transducer (Temperature sensor, pressure Sensor or
strain gauge sensor) in one leg of the bridge.

* The changes of the resistance/voltage of the transducer Is proportional to the physical
changes in the parameter that it being measured (such as mechanical strain, temperature,
Oor pressure).

* The bridge is balanced at a known point (such as room temperature). The amount of
deviation from the balanced condition, as indicated by the output voltage, indicates the
amount of change in the parameter being measured (which is the temperature).

* Therefore, the value of the parameter being measured can be determined by the voltage
amount that indicates the bridge is unbalanced.
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A Bridge Circuit For Measuring Temperature

* If the temperature to be measured, the transducer can be a thermistor, which is a
temperature-sensitive resistor.

* The thermistor resistance changes in a predictable way as the temperature changes.

A change in temperature causes a change in thermistor resistance, which causes a
corresponding change in the output voltage of the bridge as it becomes unbalanced.

* The output voltage is proportional to the temperature; therefore, either a voltmeter that
IS connected across the output, can be calibrated to show the temperature of the element
being measured, or:

« The output voltage can be amplified and converted to digital form that is fed into a
microcontroller to drive a temperature readout display.
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A Bridge Circuit For Measuring Temperature

Bridge circuit showing how a temperature sensor (transducer) is connected.
The temperature sensor exhibits a certain resistance value that is dependent on its temperature

The concept behind using the temperature sensor as one leg of the Wheatstone bridge is to balance the
bridge at a certain temperature T,,,,;;. This is done by using a variable resistance in place of R;.

R; is then varied while monitoring the output voltage V,,,+ until the value of vout is equal to zero.

Transducer

The transducer can also be a
fluid flow sensor, pressure sensor,
Strain gauge sensor, light sensor, etc.
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A Bridge Circuit For Measuring Temperature

« Once the bridge is balanced, a change in temperature causes V,,; to change. That voltage is conditioned
and then fed into a microcontroller where a high-level language program is written to read the changes in
the output voltage of the bridge circuit.

« The change will then be translated into an index position of an array that holds temperature values to be
displayed as well as used to either activate a furnace or an air condition unit based on the setting of the
thermistor temperature controller.

Transducer

The transducer can also be a
fluid flow sensor, pressure sensor,
Strain gauge sensor, light sensor, etc.
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A Conditioning Circuit

* You are not responsible for this. It is just here to show you how a conditioning circuit looks like.

vCC

Rf
BKO
Rin u3
yee . A ! - Vout to the A2D
5.0V R1 port of a uC

0-6V

R4 Voltage Range:
1KkQ 015V -= 065V

The voltage range 0.15V -> 0.65V is to be conditioned to a range of 0 -> 5V
= to be understood by a micro controller uC.
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This Concludes the Wheatstone Bridge Circuit

Paramoun t Electronics Services



Paramount Electronics Services

The Superposition Principal
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Superposition Concepts

 Often there is more than one power source in the circuit which could be in any
combination of voltage and current sources.

 All elements in a circuit including the power sources have voltages across them in
addition to currents passing through it.

 Given that the circuit is linear, then the value of that voltage or current is the sum of
multiple responses where each response is due to one of the power sources in the circuit.

« For example, if there are two power sources in the circuit, then the volage across a
certain resistance is the sum of two voltage responses, one due to each source.



Superposition Concepts

For example, in a certain circuit that contains a voltage source and a current source, the voltage
across a resistance R, in the circuit is the sum of:

Vry1 and Vi, , Where:
* I»,1 IS the voltage across R, due to the voltage source.
* Iz, IS the voltage across R, due to the current source.

When calculating the value of V5,.; which is due to the voltage source, only the voltage source
should be considered in the circuit while getting rid (discarding) of the current source.

When calculati_nC? the value of /., which is due to the current source, only the current source
should be considered in the circuit while getting rid (discarding) of the voltage source.

To get rid of a voltage source, it is replaced by its internal resistance which is 0, therefore a
voltage source is replaced by a short circuit.

To get rid of a current source, it is replaced by its internal resistance which is theoretically
Infinity, therefore a current source is replaced by an open circuit.



Two Voltage Sources Superposition Examplel

* For the following circuit, find the voltage across R, using the Superposition principal.

* the voltage across R, iIs the sum of:
* Vp,r and Vi, , Where:
* Vryq IS the voltage across R, due to the voltage source 1/; .
* Ve IS the voltage across R, due to the voltage source 1/, .

R1 R3
A A
3kQ 12kQ

Vi R2 LV

=y 26k — 28V
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Two Voltage Sources Superposition Examplel

 Finding the voltage Vx,4 :

« The voltage Vx,1s the voltage across R, due to voltage source V; , therefore voltage source V;
will be the only one considered in the circuit and voltage source 1/, should be replaced by a short

circuit. The resulting circuit is:

R1 A R3

A A

3KQ 12kQ
Vi1 R2
— 14V §5kﬁ

To find the voltage across R2 due to voltage source V1, replace
voltage source V2 by a short. Any circuit analysis method can be used.

Using Nodal analysis, there is only one Node, which is Node A
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Two Voltage Sources Superposition Examplel

Finding the voltage Vg, -
Nodal Analysis can be used to find the voltage across R, due to voltage source V;

Using nodal analysis at node A using nodal analysis:

Va-—-V |74 |74
A"V Va Va_g
Rq R, R3

Vai—14 vV vV
A +Va Va
3K 6K 12K

=0

Multiply by 12: R1 A R3
« AV, —14)+2V, +V, =0
o 7/ VA =56 ___’ﬂu ;‘:Q

® VA - VRxl = 8V.

To find the voltage across R2 due to voltage source V1, replace
voltage source V2 by a short. Any circuit analysis method can be used.

Using Nodal analysis, there is only one Node, which is Node A
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Simulation Results For the voltage across R2 Due to V1 Source With
V2 Discarded

R1 A R3
AR A
IkQ 12k0Q)
V1 R2 XMM1
— Ek0§ &+
=14V i I}\
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Two Voltage Sources Superposition Examplel

 Finding the voltage V.., :

 The voltage V., 1s the voltage across R, due to voltage source V, , therefore voltage source 1/,
will be the only one considered in the circuit and voltage source V/; should be replaced by a short

circuit. The resulting circuit is:

R1 A R3
12k0)

3kQ

R2 V2
6kQ —-28V

To find the voltage across R2 due to vollage source V2, replace
voltage source V1 by a short. Any circuit analysis method can be used.

Using Nodal analysis, there is only one Node, which is Node A
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Two Voltage Sources Superposition Examplel

Finding the voltage Vg, :
Nodal Analysis can be used to find the voltage across R, due to voltage source V,

Using nodal analysis at node A using nodal analysis:

Va—V- |74 |74
A—V2  Va Va_q
R3 R, Ry
Vai—28 vV |74
12K 6K 3K

R1 A R3

Multiply by 12: e e
° (VA — 28) + 2 VA + 4VA =0 R2 _Lv2
- 7V,=28 T
° VA - Vsz =4V.

To find the voltage across R2 due to voltage source V2, replace
voltage source V1 by a short. Any circuit analysis method can be used.

Using Modal analysis, there is only one Node, which is Node A
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Simulation Results For the voltage across R2 Due to V2 Source With
V1 Discarded

R1 A R3

3k} 12k0

XMl
R . | V2




Two \Voltage Sources Superposition Examplel

 Finding the voltage 'k, :
* The voltage Vj, Is the sum of Vi,; & Vig,». Therefore:

V2 = Vex1 + Vra2

VRZ =8V +4V =12V

R1 R3
AN AN
3kQ 12kQ

Vi Re LV

—1av Z6k0 —28v
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Simulation Results For the voltage across R2 Due to Both V1 & V2
Sources

R1 A R3
AP AR,
3k0 12k0
|r a1 1| .
Vi R o+ —
=14V 26k0 Lo - | =2V
T L

Multimeter- M1

12V
A Q || dB
e | [—1]

et
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\Voltage & Current Sources Superposition Example2

* For the following circuit, using the superposition principal, find V5, .

R1 A R3

JkQ) 12k()
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\Voltage & Current Sources Superposition Example2

* the voltage across R, is the sum of:

* Vryq @and Vi, , Where:

* Vryq 1S the voltage across R, due to the current source I .
* Vr,» IS the voltage across R, due to the voltage source 1/,

R1

3k

12k0)




\oltage & Current Sources Superposition Example2

 Finding the voltage Vz,1:

 The voltage Vy,11S the voltage across R, due to current source I, , therefore current
source I; will be the only one considered in the circuit and voltage source V, should be
replaced by a short circuit. The resulting circuit is:

R1 A R3
My My
Jk0) 12k0

(D Za0




\oltage & Current Sources Superposition Example2

Finding the voltage Vx4 :

At node A using nodal analysis:

Va V
AmA+-2+-2£=0
Rz  R3

V V
AmA+—2+-2=0

Ry Rz
Va Va .
+ = :
— T Tox 1 mA, Multiply by 12 to get:
2VA + VA =12
3VA — 12 R1 A R3
VA — 4V JkQ) 12k(}

11 R2
CD‘""" kO
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\oltage & Current Sources Superposition Example2

 Finding the voltage V.., :

* The voltage V,-Is the voltage across R, due to voltage source V, , therefore voltage
source I/, will be the only one considered in the circuit and current source I; should be
replaced by an open circuit.

 The resulting circuit is shown below. Notice that R, iIs a dangling element now and it is
not seen by the voltage source V2. Therefore R, can be discarded and the voltage source
V, will only see R, & R4 In series.

R1 A R3

3kQ 12k0

R2 V2
6k — 28V




\Voltage & Current Sources Superposition Example2

 Finding the voltage Vx,.» :

* So, effectively the circuit that is to be used to calculate V.., will look like the following.
The voltage division formula can be used to calculate the voltage across R, which is also

VRxZ .

Vy X R,
o |/ =V,, =
Rx?2 R2 =R 1R
28V X6K
e |/ =V,, = = 0.334V
Rx?2 R2 ™ 12Kk +6K

R3

12k()

R2 V2
Z6k0 —28v




\oltage & Current Sources Superposition Example2

* Finding the voltage Vx,:

* The voltage Vy, Is the sum of Vp,; & Vy,-. Therefore:
* Vr2 = Vrx1 *+ Vi

* Vpy =4V +9.334V = 13.334V

R1 A R3
Ay My
3kQ 12k()

"1 R2 vz
CD""'D“ 26k =28V
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This Concludes the Superposition Principal
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YtoA&AtoY Transformation
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YtoA &AtoY Transformation

« Conversion between Y and A is very helpful in analyzing circuit which are not analyzable
using traditional circuit analysis. They help in areas such as bridge analysis and three-
phase systems.

* When transforming between the Y and the A, the transformed network will be bound by
the same three nodes that bound the original network.

Delta (A) network Wye (Y) network

Rac
YWW




A toY Transformation

Delta (A) network
Rac

7, - RagRac
A N
Ras + Hac + Rac
n. RasRac
.
Rag + Rac + Rac
Ao = RacRec

Rag + Rac + Rac

 Referring to the figure shown, the transformation fromaAto Y and Y to A equations are:

Wye (Y) network

PL.F'.HB + HAHQ + HBHQ

Rag = A
HAHB + HAHQ + HBHQ
Rec =
Ra
HAHB + HAHQ + HBHC
Rac =

Re



This Concludes The Yto A & AtoY Transformation
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