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. . . Series dc Circuits
Series Circults

A circuit consists of any number of elements joined at terminal point, providing at least one
closed path through which charge can flow.

The circuit of Fig. below, has three elements joined at three terminal points (a, b, c) to provide

a closed path for the current /.
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The current is the same through series elements L
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Series dc Circuits

Series Resistors

The total resistance of a series configuration is the sum of the resistance levels..

Ry R; R
@ M ——M——WW
10 {2 30 1) 100 {1
—_—
Ry
RT=R|+RE+R3+R4+"'+RH
b e

For the special case where resistors are the same values can be modified as follows:

Rr = NR

The current is the same at every point in a series circuit, and can be determined using Ohm’s
law:

E
I=—
Ry




Series dc Circuits

Series Resistors

The voltage across each resistor with the total resistance, using ohm’s law:

V1=IR1,V2=IR2,V3=IR3,...VN=IRN

The power delivered to each resistor can then be determined using any one of three equations
as listed below (shown for resistor R 1 only):

, V
P, =V, =R =

¢
1
R, (watts, W)

The power delivered by the supply can be determined using

Pr = EI. (watts, W)

The power applied by the dc supply must equal that dissipated by the resistive elements.

FE=PH]+FR:+PH3




Example (1) Series dc Circuits
Determine the total resistance for the series resistors?

- . R, R,
Solution. a MA MA
R;=R,+ R, + R; + R, 200 2200
R =200+ 2200 + 1.2k} + 5.6 k{) e R3§l.1kﬂ
Ry = 7040 () = 7.04 k() R,
. AMy
5.6 ki)
Example (2)
Find the total resistance of the series resistors
Solution: Ry § 3.3 k0
R,
Rr = NR VY | Ry § 3.3 ki)
= (4)(3.3 k(1) = 13.2 k() R
b R




Series dc Circuits

Example (3)

For the series circuit:

a. Find the total resistance Ry.

b. Calculate the resulting source current I.

c. Determine the voltage across each resistor.

d. Calculate the power dissipated by R4, R, , R;
e. Determine the power delivered by the source, and compare it to the sum of the

power levels of part (d)

- + Llrl -
Solution: — M
a RT=R1+R3+R3 rf_r R, =21
—20+10+50Q 4 +
Rr=8Q E-=-20V RZI0 Y,
E 20V | R .
b. I = R~ 30 —25A Ryi=50) 1)
c. Vi=LR =LR =(25A)20Q)=5V = _%?Jr

V,= LR, = LR, = (2.5 A)(1 Q) = 2.5V
Vi=LRy = LRy = (25A)5Q) = 125V



Series dc Circuits

Example (3)

For the series circuit:

d. Calculate the power dissipated by R4, R, , R;
e. Determine the power delivered by the source, and compare it to the sum of the

power levels of part (d)

Solution:

P;=V,% /R; = (12.5V)%/(5Q) =31.25W

e. P =EI = (20V)(2.54) =50W
Pjoi= P, + P, + Pg
50W =125W +625W +315W
50W =50W (checks)



Series dc Circuits

Example (4)

For the series circuit:

a. Find the total resistance R7.

b. Determine the source current Is.
c. Find the voltage across resistor R,.

Solution: - ¥+
—— W
d. I, R=T01 Ry;=410
Rr =R, + NR o
=40+ (3)74Q) E =50V R0
=40 + 210 + R
Ry =250 i, R, 1}
: T MW
L _E_50v_ = T
‘T Ry 250
C.

V,= LR, = IR, = (2A)4 Q)

Vg — 8V



Kirchhoff’s Voltage Law (KVL) series de Clreults

KVL states that the algebraic sum of the potential rises and drops around a closed path (or
closed loop) is zero.

A closed loop: is any continuous path that leaves a point in one direction and return to that
same point from another direction without leaving the circuit.

As shown in the circuit below, we can trace a continuous path that leaves point a through R
and returns through E without leaving the circuit. Therefore, abcda is a closed loop. For us to

be able to apply KVL, the summation of potential rises and drops must be made in one

direction around the closed loop.
+ .I"'r] -

.

i
In symbolic form it can be written as t Wy

Tl

— (Kirchhoff’s voltage law in
Z I-"I-| V D
il

symbolic form) + / \\\ +
= F -:n KVL | R, § V,
Writing out the sequence with the voltages and the - N ,/ -
signs results in the following: L
I

| =

el

+E_V|_V1=D
E=V]-|—V3



Kirchhoff’s Voltage Law (KVL) series de Clreults

The applied voltage of a series dc circuit will equal the sum of the voltage drops of the circuit.

Kirchhoff’s voltage law can also be written in the following form:

E'r‘_:}"{rrimz:s — EI':‘_,VdTD]}E

revealing that
the sum of the voltage rises around a closed path will always equal the sum of the voltage
drops.

To demonstrate that the direction that you take around the loop has no effect on the results,
let’s take the counter-clockwise path and compare results.
The resulting sequence appears as

_E‘l‘VE‘I‘U]:D
E=1‘F]‘|‘Vg



Examp/e (5) Series dc Circuits
Use Kirchhoff’s voltage law to determine the unknown voltage for the circuit

_ +Vy — 442V -
Solution: R, R,
tE -V =V, —Ey =0 M Wy
‘F] — El — Vg — Eg
+ +
=16V —42V -9V =16y ET=ov
V,=28V - -
Example (6) N
Use Kirchhoff’s voltage law to determine the unknown voltage for the circuit
Solution: + 12V - +6V -
+E—F1—VI=D R, R,
V,=E—V,=32V—-12V=20V Wr—o—Wy
For the clockwise path, including resistor R, the +] 4
following results: E= 32V V, R, § 14V
+V_I —_ VE — 1‘} — 'U —
V_r — IVI + V3 e ©
=6V + 14V )

V.=20V



Example (7)

Series dc Circuits

Use Kirchhoff’s voltage law to determine the unknown voltage for the circuit

Solution:

+60V — 40V — V. + 30V =0
V,=60V +30V—40V =00V —40V
V.=50V

Example (8)

+ 40V —

+

60 V

—

Use Kirchhoff’s voltage law to find thevoltage V, for the circuit

Solution:

—6V - 14V -V, +2V=0
V,=—20V +2V
V.= —18V

6V

+ 30V —

+ 2V —



Series dc Circuits

H2§Tﬂ Vs
+

Example (9)
For the series circuit: Vi=15V
a. Determine V, using Kirchhoff’s voltage law. — A
b. Determine current I,. Rs ‘a
c. Find R{ and R;. 7
=54V
.
R,

_ t W\ —

Solution: = V, =18V

a. Applying Kirchhoff’s voltage law in the clockwise direction
—FE + V3+V1+V1=[}

and E =V, + V, + V;(as expected)
sothat V,=E—-V, —V;=54V—-18V - 15V
and V, =21V
Vo, 21V
b. [ =—=
R, 70Q
I,=3A
Vi 18V
. Rp=—=——-=61Q
“MTTTT3A
V. 15V
with Ry = — = -50

I, 3A



Voltage Divider Rule (VDR) Series dc Circuits

The voltage divider rule (VDR) permits the determination of the voltage across a series resistor
without first having to determine the current of the circuit.

The rule itself can be derived by analysing the simple series circuit shown:

Rr=R; + Ry
|f
E
L=hL=5hL=— i
: - RT L R] g 'L'I]
Apply Ohm’s law to each resistor: . ll -
E E T N
Vi = LR, = R, =R
l o (RT) | lRI Rzg"’:

>
[
-~

o
[

E E -
Ry = Ry—
T (Rr)j Ry

The resulting format for V1 and V2 is

E
V=R, —
"Ry




Voltage Divider Rule (VDR) Series dc Circuits

where V. is the voltage across the resistor R, E is the impressed voltage V. =R £
across the series elements, and Ry is the total resistance of the series * * ET
circuit,

The voltage divider rule states that:

the voltage across a resistor in a series circuit is equal to the value of that resistor times the

total applied voltage divided by the total resistance of the series configuration.



Example (10)

Series dc Circuits

Using the voltage divider rule, determine voltages V; and V3 for the series circuit?

Solution:

RT:R|+RE+R3
=2 k) + 5 k) + 8 k()

Ry = 15kQ
E 45V
Vi=R—=2kQ| —— | =6V
‘TR, (151:{1)
E 45V
Vi=R—=8kQ|—— | =24V
IR, (15{1)

+
_|.
R, 2 kf} Vi
— O
_|_
% 45V R, 5 ki)
_|_




Example (11) Series dc Circuits

For the series circuit:

a. Without making any calculations, how much larger would you expect the voltage
across R2 to be compared to that across R4?

b. Find the voltage V; using only the voltage divider rule.

c. Using the conclusion of part (a), determine the voltage across R.

d. Use the voltage divider rule to determine the voltage across R,, and compare your
answer to your conclusion in part (c).

e. How does the sum of V1 and V, compare to the applied voltage?

Solution:

a. Since resistor R, is three times R, it is expected that V, = 3V,.

bV, = RL znn( 64V ) ﬂﬂ(mv)—lﬁv
ST AT 200 + 60 Q 800,/

c. V=3V, =3(16V)=48V + V) — 4+ ¥y —
E 64V 20 () 60 0
d V, = = (60 ﬂj( ) =48V AN ‘\NH
RT 80 ()
R, R;
The results are an exact match. +]
e. E=V, +V, =04V
64V =16V + 48V =64V (checks)




