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Series Resistive Circulits



Series Circuits & Parallel Circuit

« Most circuits, no matter how complex, contain components in series and/or in

parallel or a combination of both.

e Sometimes however, the circuit can neither be classified as series nor parallel.

This is when special circuit analysis technigues are employed.

R2

R1

Series Branch with two resistors in series Two resistors in parallel
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Series Circuit Characteristics And Total Resistance

e A series resistive circuit is a network of resistances in series.

* Resistances R; R, and R; are in series, and they have the same current passing through
them. The following is a series network of 3 resistances.

Same current | flows through

all resistors §R3

o |
o}




Series Circuit Characteristics And Total Resistance

A series circuit is one that has the same current passing through all the resistances. Series
resistances are recognized as such by the fact that the same current passes through all of
them.

R3

R3 Same current | passes through all

Same current | passes through all § 5 resistors

5 resistors

o1
=T

R5

R5 R4

Ay Ly R4
A

The above two circuits represent the same series
combination of R1, R2, R3, R4 & R5.

&
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Series Circuit Characteristics And Total Resistance

« All circuits regardless of their structure will always read a certain resistance
between any two points in the circuit.

* When a source Is connected to a series resistor combination, that voltage source

will see a resistance value which is the equivalent resistance of the series
combination.

 For a series combination of resistors Ry, R,, R;, ... R, the equivalent resistance is

normally called the total resistance R+ and it is equal to the sum of all individual
resistance values.

e Ry =R, +R,+R;+...+ R,



Series Circuit Examplel

* For the following circuit, what is the total resistance seen between points A & B.

« If a voltage source of 19.5 V is applied to the circuit, then what is the current flow
through the circuit.

R1 R2
A A A
1kQ 2.25K0
RT R2
= §1kn
R5 R4
B AA v,

4k() 1.5K0
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Series Circuit ExamplelContinued

* For the following circuit, what is the total resistance seen between points A & B.

 This is a series combination of resistances, so the total resistance between points A
& B is given by:

e Ry =R, + R, +R; + R+ R:
e Ry = 1K + 2.25K + 1K + 1.5K + 4K

e R; =9.75K

R1 R2

A AMM, AMM,
1kQ 2.25K0

RT R3

B §1m
R5 R4

B A Ny

4k} 1.9K0
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Series Circuit Examplel Continued

* For the following circuit, what is the total resistance seen between points A & B.

 Using the Multi-Simulation tool and using a multimeter set to read resistance
values, it is shown that the total resistance between points A & B is equal to 9.75K

ohms.

R1 R2
A A AR
1k0 2.25K0
RT R3
e §1 kQ
Multimeter- XXMM hod

- - R5
9 75 kOhm n o o

4k0 1.5K0

allv][a]| =
—1

ek
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Series Circuit Examplel Continued

« If a voltage source of 19.5 V is applied to the circuit, then what is the current flow
through the circuit?

 Because there is only one path, the current everywhere is the same.

* Using Ohm’s Law, the current that 1s sourced by the voltage source is equal to the
voltage source value divided by the total resistance R, that the voltage source

Sees.
e Rp =R, + R, + Ry + R+ R:
e Ry = 1K +2.25K + 1K + 1.5K + 4K = 9.75K A A
e Iy =Vyl Ry = Vsl Ry = 19.5V / 9.75KQ = 2 mA

R5 R4

4k() 1.5K0
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Series Circuit Examplel Continued

« If a voltage source of 19.5 V is applied to the circuit, then what is the current flow
through the circuit.

 Using the Multi-Simulation tool and using current probes, it is shown that the
current is the same through out the series circuit. In this case it is equal to 2 mA (2
milli Amperes).

1: 2060 A
l{p-pl: O A
1: 2.00 mA I{rms=): O A
{p-p): DA I{dc): 2.00 mA
I{rme): O A I{freq): -
{dc): 2.00 mA
I{freq): —
R1 R2 ®
A My My >
Q) 1kQ 2.25K0
-
1: 2,00 méA 12 200 &
L Vs Iip-p): 0 A Ip-p): 0 A
—19.5V [{rms): O A I{rms):; 0 A
B {de): 2.00 mA I{de): 2.00 mA
|ifrea) — |ifrea) —
RS ® R ® ‘
B AN, - A «
4ki) 1.5K0
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Kirchhoff’s Voltage Law, KVL

* Kirchhoff’s Voltage Law (KVL) states that the sum of all voltages in a loop 1s
equal to zero.

« If the voltages are tracked around the loop a plus sign is placed in front of the
voltage If the + Is encountered first and a minus sign is placed in front of the
voltage if the — Is encountered first, then:

*-Vst Vpy tVpp +VR3 =0

R1 R2
ATATA" AN
+ VR1 - + VR2 -

+

Ve — R3
— IT VF.'3§

I




Kirchhoff’s Voltage Law, KVL

« KVL, stated otherwise, in a loop, the applied voltage is distributed among the
various elements of the loop (regardless of what elements are used such as
resistors, capacitors, inductors etc....).

* So, for the following circuit:

* Vs=Vgpy +Vgy + Vi3

R1 R2
Ay AN
+ VR1 - + VR2 -

— R3
p— IT VR3 §

I




Kirchhoff’s Voltage Law Examplel

* For the following circuit:

« a) If V4, Vp, and V5 are equal to 1.5V, 2V and 4.5V respectively, then what is the
value of the voltage source V?

* b) If V, V», and V5 are equal to 10V, 2V and 4.5V respectively, then what is the
value of the voltage V54 ?

R1 R2
My A
+ VRT - + VRZ -

L R3
Vs — Iy VR3§
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Kirchhoff’s Voltage Law Examplel

« a) If Vi1, Vi, and V4 are equal to 1.5V, 2V and 4.5V respectively, then what is the
value of the voltage source V.?

« According to KVL, the voltage source Is distributed across the various elements in
the loop, therefore:

* Vs =Vgpy + Vo + Vi3
e V. =15V +2V +45V =8V

R1 H2
My M
+ VRT - + VRZ -

L R3
Vs — | UR3§
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Kirchhoff’s Voltage Law Examplel

* b) If V;, Vp, and V4 are equal to 10V, 2V and 4.5V respectively, then what is the
value of the voltage source V4?

« According to KVL, the voltage source Is distributed across the various elements in
the loop, therefore:

* Vs =Vgpy + Vo + Vi3
* Vg1 = V5 - (Vrz + Vgs3)
e Vpy = 10V — (2V + 4.5V)

° VRl — 35V R1 R2
Yy MM
+ VRT - + VR2 -

Vs R3

IT VR3 g
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Kirchhoff’s Voltage Law Example2

* For the following circuit, find:
a) The total resistance seen by the source voltage.
b) The total current It passing through the series circuit.
c) The values of the voltage VRri1, VRr2, VR3

d) The power delivered by the source and the powers consumed by the
resistors.

e) Verify that the power delivered by the voltage source is equal to the sum of
the powers consumed by the resistors in the circuit.

R1 R2

T1kQ 1.5k0)
My My
+VRT - + VRZ -

15V . T VR3 gﬁkﬂ
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Kirchhoff’s Voltage Law Example2

a) The total resistance seen by the source voltage.

* Since this Is a series circuit, the total resistance seen by the source Is
the sum of all resistances:

e RT=R1+R2+R3=1K+1.5K+5K=7.5 KQ

R1 R2
1kQ2 1.5k()
AT M
+ VRT - + VR2 -

15V p— IT VR3 gﬁkﬂ

f}
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Kirchhoff’s Voltage Law Example2

b) The total current IT passing through the series circuit.

« Since the applied voltage Is dropped across the various elements of the circuit and
there is only one element which is R4 then the voltage drop across R Is Vi and it
Is equal to V; =15V.

* Therefore, using ohm’s low which states that:
e Ip =ViIR.
e For Ry , Ipy =Vpr IRy =V, [ Ry =(15V /7.5 KQ) = 2 mA.

1kQ 1.5kQ
R1 R2
AVA A _
* VR1 - * VR2 - IS eqUIvaIent to: 2 mA of total current
Vs IT + RT

L 2 mA R3 | Vs
15¢ — VR3 =56kQ _—__15\; g?.ﬁ“ﬂ
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Kirchhoff’s Voltage Law Example2

¢) The values of the voltage VRr1, VR2, VR3
 Thecurrent It=Ir1 = Ir2 = IR3 =2 MA
* According to Ohm’s Law, Vp = I x R.

* Therefore: ta tka
¢ Vor=Ipy xR1IZ2MAX1KQ=2V. ey “VRs -
¢ Vo, =Ip, xR2=2mA x 1.5 KQ = 3V. oL T oma e
* Vps = Ipg xR3=2mMA X 5KQ =10V, |

* Verifying Kirchhoff's Voltage Law:
° -I/S +VR1 +VR2 +VR3 =-15V+2V+3Vv+10Vv=0

Or:

* Vs =Vgy + Vpo + Vg3
e« 15V =2V + 3V + 10V
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Kirchhoftf’s Voltage Law Example?2

 Using the Multi-Simulation tool and using multimeters set to measure voltage, it is
shown that the sum of the voltages across R1, R2 & R3 is equal to the applied voltage

Vs.
____>v___ | v |

A o | |d A a | (e
~ | [=—] A~ =]
. Set... = * Set...
XMM1 XMM2
== - Multimeter-XMM3 X
¥ 9 T 7
N
R1 R2
1kQ 1.5k02 A o d
+VR1 - + VR2? -
+ Set... -
IT XMM3
+
Vs — §R3 o+)\
15V T VR3 <.5k0 I

Paramount Electronics Services



Kirchhoff’s Voltage Law Example2

d) The power delivered by the source and the powers consumed by the
resistors.

« Power delivered by a source is equal to:

* Ps.urce = VOltage source value x Current through it.
e Pyo =V, xIp =15V x2mA =30 mW.

1kQ 1.5kQ
R1 R2
AMA AAR,
+VRT - +VR2 -
Vs IT 2 mA * LR3

15V = VR3 §5kﬂ

5
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Kirchhoff’s Voltage Law Example2

d) The power delivered by the source and the powers consumed by the
resistors.

» Power Is always consumed by a resistance and Is given by:
« Pp=VyxIg=VZ/R=1I3xR

© Pr, =V5 /R2=(3V)?/15KQ=9/1.5KQ=6mW
e Pp3 =I3%; x R3=(2mA)? x5 KQ =20 mW

1kQ 1.5kQ
R1 R2
AMA, AAR,
+VRT - +VR2 -
Vs | IT 2 mA * |R3

[ — VR3 §5kﬂ

I
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Kirchhoff’s Voltage Law Example2

e) Verify that the power delivered by the voltage source is equal to the
sum of the powers consumed by the resistors in the circuit.

 Regardless of the circuit structure, the power delivered by the sources
will always equal to the sum of individual powers consumed by the
resistors. Therefore:

Py, =30 mW.
Ppi =4 mW.
Pr, = 6 mW.
Pr3 =20 mW

Pyg = Prq + Ppy + PR3
30mW=4mW+ 6 mW + 20 mW = 30 mW.
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Kirchhoftf’s Voltage Law Example?2

 Using the Multi-Simulation tool and using wattmeters set to measure power, it Is
shown that the sum of the powers consumed by R1, R2 & R3 is equal to the power
supplied by the applied voltage Vs.

Wattmeter-X\Wh2

4 000 mW ‘ 6.000 mwW

Power factor: 1.00000 Power factor: 1.00000

Voltage Current Voltage Current
+ + + +
XWM1 XWM2
oA oA
VT +Vo 4l
g ) & g
LT
| R1 R fa 1.00000
Power factor: 00000
Bower factor: 1k0 1.5k0
Voltage Curren t
Voltage Curren t o o
+ + - +VRT - +VR2 -
XWM3
—_——
| X4 1 I + |R3 Q:JZ}’
| Vs| — K0 Le |
|62 ] BT VR3 o s
I i T}\
| ,{-—+ |
| 1
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The Voltage Divider Formula

For a series resistive circuit branch with an applied voltage V., the individual voltages across the resistors in the branch are calculated
using the voltage divider formula which is given by:

Veyx = Vp X B , Where:
Rt

e x=0,1,2,3,...,n

« Vi is the applied voltage to the series circuit branch.

* Ry is the total resistance of series circuit branch

» Vi is not necessarily the voltage source supplying the whole circuit, but it could be.

In other words:

Ry -
Vry =Vp x é is the voltage across R,

R, .
Viy = Vg x ﬁ is the voltage across R,

R, .
Vi3 = Vg x ﬁ is the voltage across R;

R, .
Ve = Vg X R—: is the voltage across R,

Ri,R, ,R5,....... , R,, are the resistances in series circuit branch.



\oltage Division Example3

* For the following circuit, find:
a)  The total resistance seen by the source voltage.
b) Using the Voltage Divider Formula, find the values of the voltage VR1, VR2, VR3
c) Verify that the algebraic sum of the voltages around the loop is equal to O thus verifying KVL.

R1 R2
2k} 8K0
Mty Mty
+ VR1 + VR2 -

20V — IT UR3§ 10k

&
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\oltage Division Example3
a) The total resistance seen by the source voltage.

« Since this is a series circuit, the total resistance seen by the voltage source V is given by the sum of all
individual resistances. Therefore:

« R =Ry +R,+R;=2KQ+8KQ+10KQ =20KQ

R1 R2
2k(} 8K0
My LAY
+ VR1 + VR2Z -

Vs — §
v T IT VR3 < 10kO

&

Paramount Electronics Services



\oltage Division Example3

b) Using the Voltage Divider Formula, find the values of the voltage Vg4 , Vz, and Vg,

« The general voltage divider formula which is given by:

Rq
) j— X — = —_—
Vi = Vs % 22 =20V x 220 =2V
R 8K
¢ VRZZI/S ><_2:20V _—8V
Ry 20K R1 R2
2kQ 8KQ
. N Ry _ 10K n e
VR3—VS><R—T—20V 20_1{_10\/ + VRT - + VR2 -
1 L R3
2;:‘,5 — | UR3§ 10k0
 V/»4 IS the voltage across R, )

 I/»4 IS the voltage across R,
 I/»4 IS the voltage across R
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\oltage Division Example3
c) Verify that the algebraic sum of the voltages around the loop is equal to 0 thus verifying KVL.

Going around the loop in a clockwise manner (could have gone in a counterclockwise manner as well) and add
the voltages while taking the polarity into account, we get:

Or we could use the concept that the applied voltage to the series branch is distributed across the various
elements in that loop. Therefore:

Vi =Vgy + Vgo + Vi3
20V =2V + 8V + 10V = 20V

R1 R2
2k0) 8KO
Ay Aty
+ VRT - + VR2 -

Vs —

0V T IT UR3§ 10k0
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\oltage Division Example4
For the following circuit, if the voltage across R, is 10V, then what are the voltages across R; , R, and R:?

The voltage across R2, Vj,, is equal to 10V. This is the total voltage V- which is across the series
combination of R; , R, and Rc

The total resistance of the series combination of R; , R, and Rc is R. It is given by the sum of those
resistances:

e Ry = Ry + R, + Rs = 1KQ + 1.5KQ + 2.5KQ = 5KQ.

. - - R

Therefore, applying the voltage division formula Vg, = V; x R—;f ;

Rs _ 1K _
Vis = Vg x 22 =10V x == = 2V

Ry _ 15K
Via = Vg x 7= 10V x == = 3V

R 2.5K R1 R3
VR3=VTXR_;=1OVX?=5V A & ;\J?f?
Notice that KVVL applies in this case where: =10V 10V §m §$§m

© Vi =Vpz+ Vig +Vps =2V + 3V +5V =10V 1
R6 - R3

2.5k0)
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\oltage References & Voltage Notations

Any point in a circuit can be thought of as a reference point. However, the common terminology is that the
reference point is the ground point.

The reference point is used to specify the voltage at any other point in the circuit such as V,, Vg, V. etc..
Rather than the voltage drop across an element in the circuit.

The voltage V, is the voltage between point A and the reference point.
The voltage V5 Is the voltage between point B and the reference point.
The voltage V. is the voltage between point C and the reference point.
The voltage V,5 is the voltage between points A & B and equalto V, - V.
The voltage V, Is the voltage between points A & C and equal to V, - V- .
The voltage Vg Is the voltage between points B & C and equal to Vg - V- .
The value of the voltage at the reference point is always equal to 0.



\oltage References & Voltage Notations

The voltage V, is the voltage between point A and the reference point D.
The voltage V is the voltage between point B and the reference point D.
The voltage V. is the voltage between point C and the reference point D.
The voltage V,5 Is the voltage between pointsA& B =V, -Vy .

The voltage V, Is the voltage between points A& C =V, - V..

The voltage Vg Is the voltage between pointsB & C = V5 - V.

The value of the voltage at the reference point is always equal to O.

Point & Point B Paint C

R1 R2
2k(} KO

R3
Vs — § 10kQ
v T

Reference Point D
T




\oltage References & Voltage Notations

The voltage V, is the voltage between point A and the reference point D and has a value of 20V.

The voltage V' is the voltage between point B and the reference point D and has a value of 18V since going from point A to point B, 2V are
dropped across resistance R1.

The voltage I/ is the voltage between point C and the reference point D and has a value of 10V since going from point B to point C, 8V are
dropped across R2.

The value of the voltage at the reference point is equal to 0 since going from point C to the reference point D, 10V are dropped across R3.

The voltage V5 =V, - Vg = 20V — 18V = 2V, is the voltage between points A & B.
The voltage V- =V, - V. = 20V — 10V = 10V, is the voltage between points A & C.
The voltage Vg =V - V- = 18V — 10V = 8V, is the voltage between points B & C.

Always Vg =-Vpyu PotA  *+2V -  PontB  + 8V - Poin C
R1 R2
Always VAC = - VCA 2k 8KO
Vs — 10V S 10kQ

20V

Reference Point D
L




\oltage References & Voltage Notations

 Using the Multi-Simulation tool, it can be shown that the voltage values are as discussed
earlier.

e V180V

Vippk OV Vipph OV
Virms): OV ‘-'_[rl‘r s} 0 Y .
Widoh: 200V Vidc): 120V
frea): — Vifreqh —
Wifrea): — {Freq)
V1000 v
Vippl OV
Vimms): OV
Vidc): 10.0V
W{freq): —
PointA (V) + %- PointB (V) +w«8‘,}f - Point C
R1 R2 0]
2k() 8KO
+ R3 VIOV
= Vip) OV
— 10V 10k( Virms): OV
20V T Vidc): OV
Wifregh —
Reference Point D

L
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Series Circults Practical Considerations

* When a voltage source Is considered ideal, its internal resistance is equal to 0.

* \oltage sources are not ideal and therefore, they will have a finite internal
resistance value Rs as shown below.

Rs

Videal —_ Vnonldeal —_
20 T 20 T

- -

Ideal Voltage Source, Internal Resistance = Mone ldeal Voltage Source, Internal Resistance has a finite value Rs



Series Circuits Practical Considerations

* If R is small compared to the remaining resistances in the series branch circuit, then it can
be ignored and will not play a role in the total resistance value with a negligible error.

 If Rs however is not small compared to the remaining resistances in the series branch
circuit, then it cannot be ignored and will play a role in the total resistance value where:

* R =R{ +R, + Ry + Ry
 The voltage division formula remains the same, however.

* Vrx =Vp X —
RT Rs R1 R2
« Where: e
e x=1,2,3,....,n
« V. is the applied voltage to the series circuit v = g™
* Ry Is the total resistance of series circuit branch




Paramount Electronics Services



	Slide 1: Series Resistive Circuits
	Slide 2:  Series Circuits & Parallel Circuit   
	Slide 3: Series Circuit Characteristics And Total Resistance
	Slide 4: Series Circuit Characteristics And Total Resistance
	Slide 5: Series Circuit Characteristics And Total Resistance
	Slide 6: Series Circuit Example1
	Slide 7: Series Circuit Example1Continued
	Slide 8: Series Circuit Example1 Continued
	Slide 9: Series Circuit Example1 Continued
	Slide 10: Series Circuit Example1 Continued
	Slide 11: Kirchhoff’s Voltage Law, KVL
	Slide 12: Kirchhoff’s Voltage Law, KVL
	Slide 13: Kirchhoff’s Voltage Law Example1
	Slide 14: Kirchhoff’s Voltage Law Example1
	Slide 15: Kirchhoff’s Voltage Law Example1
	Slide 16: Kirchhoff’s Voltage Law Example2
	Slide 17: Kirchhoff’s Voltage Law Example2
	Slide 18: Kirchhoff’s Voltage Law Example2
	Slide 19: Kirchhoff’s Voltage Law Example2
	Slide 20: Kirchhoff’s Voltage Law Example2
	Slide 21: Kirchhoff’s Voltage Law Example2
	Slide 22: Kirchhoff’s Voltage Law Example2
	Slide 23: Kirchhoff’s Voltage Law Example2
	Slide 24: Kirchhoff’s Voltage Law Example2
	Slide 25: The Voltage Divider Formula
	Slide 26: Voltage Division Example3
	Slide 27: Voltage Division Example3
	Slide 28: Voltage Division Example3
	Slide 29: Voltage Division Example3
	Slide 30: Voltage Division Example4
	Slide 31: Voltage References & Voltage Notations
	Slide 32: Voltage References & Voltage Notations
	Slide 33: Voltage References & Voltage Notations
	Slide 34: Voltage References & Voltage Notations
	Slide 35: Series Circuits Practical Considerations
	Slide 36: Series Circuits Practical Considerations
	Slide 37

