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Series circuits

All circuits have three common attributes. Lood
These are: /
R ¢ /
1. A source of voltage. MWW &/
2. A load.

V R,
3. Acomplete path. — _L_

§CEU




Series circuits

A series circuit is one that has only one current path.




Series circuit rule for current:

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

For example, the reading on the first ammeter

IS 2.0 mA, What do the other meters read?




Series circuits

The total resistance of resistors in series IS
the sum of the individual resistors.

For example, the resistors in a series circuit are 680 Q,
1.5 kQ, and 2.2 k2. What is the total resistance?
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Series circuit
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Tabulating current, resistance, voltage and power is a
useful way to summarize parameters in a series circuit.
Continuing with the previous example, complete the
parameters listed in the Table.

-

.= 2.74QA) R= 0.68KQ|V,= 18LV ]| P,= S5) nno
1,= 2.74 MA|Ry= 1.50 KQ V,= 4.1V || P,= 113 w0
.= 2.74 MA|Ry= 2.20 kQ N,= 6 /( P, 6 mw
;= 2.74 mA|R;= 4.38 KQ [Vg= 12V | P;= 32.9 mwy
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\oltage sources In series

\oltage sources in series add algebraically.
For example, the total voltage of the sources
shownis 27V KL: —9-9 -9 +Vr=0 Vr=2a7

puestion:
What is the total voltage if one battery is
accidentally reversed? 9V

WL —9F +9 -G +Vr =0
VT =%V




Kirchhoff’s voltage law

Kirchhoff’s voltage law (KVL) Is generally stated as:
The sum of all the voltage drops around a single closed
path 1n a circuit 1s equal to the total source voltage in that
closed path.

KVL applies to all circuits, but you must apply it to only one
closed path. In a series circuit, this is (of course) the entire

circuit.
A mathematical shorthand way of writing KVL is DV, =0
=1



Kirchhoff’s voltage law

a
\4 R
2\/= 15kC
R
AMAN
22K,

Notice in the series example given earlier that the sum
of the resistor voltages is equal to the source voltage.

= 2.74 mA

R,= 0.68 kQ

\

1.86 V

P,= 5.1 mW

l,= 2.74 mA

R,= 1.50 kKO

411V

P,= 11.3 mW

.= 2.74 mA

R,= 2.20 kQ

6.03 V

P.= 16.5 mW

l,=2.74 mA

R,= 4.38 kQ

- 12V

P.= 32.9 mW



Vv A
Voltage dividerrule Vo = ’( _—
= 7 = R;

The voltage drop across any given resistor in a series
circuit 1s equal to the ratio of that resistor to the total
resistance, multiplied by source voltage.

Question: v .
Assume R; Is twice the size of : v, § R,
R,. What is the voltage across 12V = -
? +
Rl- R\:QP\L \11§R2
R HR=
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\oltage divider

Examlllﬂ: 20 V

What is the voltage across R,?

Solution:

The total resistance is 25 kKQ. =R+ o
Applying the voltage divider formula:

Vo= Vs (: \:\\L\

= 2220 \ O = LV
\o F\S™ —_—

Notice that 40% of

the source voltage is
across R,, which
represents 40% of

the total resistance. —
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Voltage divider ;E:‘__J

\oltage dividers can be set up for a variable output usi
a potentiometer. In the circuit shown, the output voltage

IS variable. Camde
R €ap
a . 20 kO Mmave s
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What is the largest output ~ ~| R, e
voltage available? sV 10 ko Vour
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Power in Series Circuits R

; AW
Examllle 4700
- . V, R,
Qse the voltage d|V|de_r rule to 20 v L £ 3300
find V, and V,. Then find the -T
power in R, and R, and P-.
s Applying the voltage The power dissipated by each
divider rule: resistor is: P;= \'3‘/&;
Vs aov("% B: N5V P W aw
Y70 +330 ( \ - !
4 N
Vo= oV /_330 =¥V g - g5 =,z W
Gzo +733° 2203
— 26 — 0.5 o/
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Voltage measurements

\oltage is relative and is measured with
Vg = ‘R( 0 _\=3V respect to another point in the circuit.

VA: \/o‘,\-&.% £ vode A il rspeck b End

1"

Vet ¢ " 1B " .

VA’B: \/A-' \/B — \’A-?=L[—\/

guesliﬂlli What are V,, Vg, and V,5?
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’{' vPc - V\ (;—Ho
— Ve =dV
+
& Voltage measurements

;)Vc Ground reference is not always at the
Akt s, £ lowest point in a circuit. Assume the
V.= —3v dwelo ground is moved to B as shown.

(_F”\a/\:dxg ot DV \QAJLS

0“95"““: What are V,, Vg, and V. for the circuit?

Has V5 changed from the previous circuit?

Mo



Voltage measurements

guestion:

. Assume that R, is open. For this case,
open at e — > =0 what are V,, Vg, and V.. for the circuit?

Answer:

)\:O “’)V\: 5&,‘—‘-0 N VA:-OV
VB:O (ofuu..lB
Vc:\/p(’\): - aVv



Selected Key Terms

Series In an electric circuit, a relationship of
components in which the components are
connected such that they provide a single path
between two points.

Kirchhoff’s A law stating that (1) the sum of the voltage

voltage law drops around a closed loop equals the source
voltage in that loop or (2) the algebraic sum of
all of the voltages (drops and source) Is zero.

Voltage divider A circuit consisting of series resistors across
which one or more output voltages are taken.



Reference
ground

Open

Short

Selected Key Terms

The metal chassis that houses the assembly or
a large conductive area on a printed circuit
board is used as a common or reference point;
also called common.

A circuit condition in which the current path is
broken.

A circuit condition in which there 1s zero or an
abnormally low resistance between two points;
usually an 1nadvertent condition.



Quiz

1. In a series circuit with more than one resistor, the
current iIs

a. larger in larger resistors
b. smaller in larger resistors
@always the same in all resistors

d. there is not enough information to say



Quiz

2. In a series circuit with more than one resistor, the
voltage IS

arger across larger resistors
b. smaller across larger resistors
c. always the same across all resistors

d. there is not enough information to say



Quiz

3. If three equal resistors are in series, the total resistance
IS

a. one third the value of one resistor
b. the same as one resistor
(C:xhree times the value of one resistor

d. there is not enough information to say



Quiz

4. A series circuit cannot have
a. more than two resistors
b. more than one voltage source

(cTynore than one path
d. all of the above



Quiz

5. In a closed loop, the algebraic sum of all voltages (both
sources and drops)

ZEro
b. 1s equal to the smallest voltage in the loop
c. Is equal to the largest voltage in the loop

d. depends on the source voltage



Quiz

6. The current in the 10 kQ resistor IS

a. 0.5 mA X
b. 2.0 mA T |3
c. 2.4 mA 24V =
d. 10 mA T
T lé
=24 = 24 _ awmk
R+ Ry PN

R,
10 kO

R
2.0 kO



7. The output voltage from the voltage divider is

a.2.0V

@4.0 V

c.12V
d. 20V

\/ou%:\/s(
= 4

Quiz

R \: 2Y = >
VR |

4




Quiz

8. The smallest output voltage available from the voltage

divider is
@" dvips o 6WD 10 kKO
Vs .
b.15V 15 v —
c.5.0V - R, 3«
d. 7.5V 10 Q2 l
@




Quiz

9. The total power dissipated in a series circuit is equal
to the

a. power in the largest resistor
b. power in the smallest resistor
c. average of the power in all resistors

@um of the power in all resistors



Quiz

10. The meaning of the voltage V ,g IS the voltage at

a. Point A with respect to ground
b. Point B with respect to ground
@ he average voltage between points A and B.

d. The voltage difference between points A and B.



Quiz

Answers:

1. ¢ 6. b
2. a 7. b
3. C 8. a
4, C 9. d
5. a 10. d



Handouts



Quiz

6. The current in the 10 kQ resistor Is
a. 0.5 mA
b. 2.0 mA
c. 2.4 mA

d. 10 mA




Quiz

7. The output voltage from the voltage divider is

a.2.0Vv

b. 40V

c.12V Vs 4

d. 20 V 24V =




Quiz

8. The smallest output voltage available from the voltage

divider iIs
a.0Vv Rl
y 10 kQ
b.1.5V 15 §/+_;__
c.5.0V - R, 3«
d 75V 10k
L




What i1s v?
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