Capacitors/Inductors in series and in parallel handout

From Cook: Electronics A Complete Course

§7-2 CAPACITORS IN COMBINATION

:Like resistors, capacitors can be connected in either series or parallel. As you will see in this

iseetion, the rules for determining total capacitance for parallel- and series-connected capac-
“itors are opposite 1o series- and parallel-connected resistors.

;"7-2-1 Capacitors in Parallel
{

“In Figure 7-9(a), you can see a 2 uF and 4 pF capacitor connected in parallel with one an-
“olber. As the top plate of capacitor A is connected to the top plate of capacitor B with a wire.
-and a similar situation occurs with the bottom plates, you can see that this is the same as if
'._ktop and bottom plates were touching one another, as shown in Figure 7-9(b}. When drawn
“$0 that the respective plates are touching, the dielectric constant and plate separation is the
“same as shown in Figure 7-9(a). but now we can easily see that the plate area is actually in-
" areased. Consequentl\ if capacuors are connected in parallel. the effective plate area is in-
amased; and since capacitance is proportional to plate area [C T=@85x10 ") x Kx

ATrd), the capacitance will also increase. Total capacitance is actually calculated by mdmg
“the plate areas, so total capacitance is equal to the sum of all the individual capacitances in

‘perallel.

[ CeC o ra+c+

L l A=2yF B=4yF

| (a)

Crora = 2 pF + 4 uF = 6 pF
(b)

MGURE 7-9  Capacitors in Parallel.
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EXAMPLE:

Determine the total capacitance of the circuit in Figure 7-10(a). What will be the voltage dny
across each capacitor?

Solution:

Cr= (.| +C3 +C3
I pF + 0.5 uF + 0.75 uF
225uF

If

be ]l o | o | ~
1 uF 0.5 uF =T~ 0.75 uF =1~ 5V — BV 5 V==
1 NS

[
Ve

(a) (b)

FIGURE 7-10  Example of Parallel-Connected Capacitors.
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As with any parallel-connected circuit, the source voltage appears across all the con

nents. If, for example, 5V is connected to the circuit of Figure 7-10(b), all the capacitor,
po P 2 p

will charge to the same voltage of 5 V because Lhe same voltage always exists across ead
section of a parallel circuit,

7-2-2 Capacitors in Series

In Figure 7-11(a), we have taken the two capacitors of 2 pF and 4 pF and connected them,
series. Since the bottom plate of the A capacitor is connected to the top plate of the B Lapu)
itor. they can be redrawn so that they are touching. as shown in Figure 7-11(b).

The top plate of the A capacitor is connected to a wire into the circuit, and the botten’
plate of B is connecled to a wire into the circuit, This connection creates two center plates b
are isolated from the circuit and can therefore be disregarded, as shown in Figure 7-11i¢). The
first lhm& you will notice in this illustration is that the dielectric thickness (d TJ has increasef,
causing a greater separation between the plates, The effective plate area of this capacitor s,
decreased, as itis just the area of the top plate only. Even though the bottom plate extendsod:
further. the electric field can only exist between the two plates, so the surplus metal of the bui--.
tom plate has no metal plate opposite for the electric field to exist.

Consequently. when capacitors are connected in series the effective plate area isd:
creased (AL) and the dielectric thickness increased (¢ T), and both of these effects result®
an overall capacitance decrease (CLd = (8.85 X 10 ) x K x ALidT).

The plate area is actually decreased to the smallest individual capacitance connectedif
series, which in this example is the plate area of A. If the plate area were the only factor, ths.
capacitance would always equal the smallest capacitor value. However, the dielectric thict:
ness is always equal to the sum of all the capacitor dielectrics, and this factor always cau
the total capacitance (C;) to be less than the smallest individual capacitance when capacite:
are connecled in series.

The total capacitance of two or more capacitors in series therefore is calculated by,

ing the following formulas: For two capacitors in serics.,
|
GXE |
AT ‘

{product-over-sum formula)
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FIGURE 7-11 Capacitors in Series.

For more than two capacitors in series,

1
" e + (U6 + (UG + -+

G,

{reciprocal formula)

Determine the total capacitance of the circuit in Figure 7-12.

‘B Solution:

. Co = l ) 4uF  2yF
T 1G) + (1G) + (14Cy) ; l\L {\r;
- L C, C, C==1uF
(144 uF) + (12 pF) + (1/1 uF)
=1 - = 57143 x 107
175 X 10 FIGURE 7-12  Example of Series-
= 0.5714 uF or 0.6 pF Connected Capacitors.

The total capacitance for capacitors in series is calculated in the same way as total re-
sistance when resistors are in parallel.
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As with series-connected resistors. the sum of all of the voltage drops across the senes-
connected capacitors will equal the voltage applied (Kirchhott’s voltage law). With capict
tors connected in series, the charged capacitors act as a voltage divider, and therefore the |
voltage-divider formula can be applied to capacitors in series.

B ]
ch o a x Vl'

where V. = voltage across desired capacitor
C, = total capacitance
C, = desired capacitor’s value
V3 = total supplied voltage

EXAMPLE: %\

Using the voltage-divider formula, calculate the voltage dropped across each of the capac-
tors in Figure 7-12 if V; = 24 V.

Solution:
Cy 0.5714 uF
Ny — — x "’.. —_ 2 = X

Ve C v, AuF X24V =34V

P = TR L aa vy =

Va=G& X Vr S XMV =69V
C 0.5714 uF

V(‘} ZF: X VT= “—]},_I.FL X244V =137V

Vi= Vo + Vet Ve =34 1+69+13.7=24V

(Kirchhoff’s voltage law)

If the capacitor values are the same, as seen in Figure 7-13(a), the voltage is divided |
equally across each capacitor. as each capacitor has an equal amount of charge and therefore 3‘
has half of the applied voltage (in this example. 3 V across each capacitor). !

- 1 |

Ve = ~—~ = = 1

ZpF TS Ver = X FaF X6V =3V

6V .0 i
& =l &, 1w |

AL

C - _ Gy _ 1.33pF _ |
2"":,—: VC'I _CT VT_ 2|.1F x6V=4YVY i
6V & '
T 6 = B  1.33pF )
4‘1F,: ch——éz—XVT— WX6V—2V

FIGURE 7-13 Voltage Drops across Series-Connected Capacitors.

CHAPTER 7/ CAPACITORS




When the capacitor values are different, the smaller value of capacitor will actually charge
1o 3 higher voltage than the larger capacitor. In the example in Figure 7-13(b), the smaller ca-
pacitor is actually half the size of the other capacitor, and it has charged to twice the voltage.
Since Kirchhoft”s voltage law has to apply to this and every series circuit, you can easily calcu-
late that the voltage across C; will equal 4 V and is twice that of C,, which is 2 V. To understand
this fully, we must first understand that although the capacitance is different, both capacitors
have an equal value of coulomb charge held within them, which in this example is 8 pC.

Q=G XV,
=2uF X4V =8nuC
0, =G XV,

=4pF X2V =8puC

This equal charge occurs because the same amount of current flow exists throughout a series
circuit, so both capacitors are being supplied with the same number or quantity of electrons.
The charge held by C, is large with respect to its small capacitance, whereas the same charge
\ held by G, is small with respect to its larger capacitance.
i If the charge remains the same (Q is constant) and the capacitance is small, the volt-
i age drop across the capacitor will be large, because the charge is large with respect to the
' capacitance:

'- _Q
| T=a

On the other hand, for a constant charge, a large capacitance will have a small charge
© Voltage because the charge is small with respect to the capacitance:

vlT

We can apply the water analogy once more and imagine two series-connected buckets, one
: of wlnch is twice the size of the other. Both are being supplied by the same series pipe, which
| hasan equal flow of water throughout, and are consequently each holding an equal amount of
[ . water, for example, 1 gallon. The 1 gallon of water in the small bucket is large with respect to
ﬁmze of the bucket, and a large amount of pressure exists within that bucket. The 1 gallon of
l water in the large bucket is small with respect 1o the size of the bucket, so a small amount of pres-
L sureexists within this bucket. The pressure within a bucket is similar to the voltage across a ca-
. plci!or and therefore a small bucket or capacitor will have a greater pressure or voltage
| associated with it, while a large bucket or capacitor will develop a small pressure or voltage.
'] To summarize capacitors in series, all the series-connected components will have the
ssame charging current throughout the circuit, and because of this, two or more capacitors in
-series will always have equal amounts of coulomb charge. If the charge (Q) is equal, the volt-
4* across the capacitor is determined by the value of the capacitor. A small capacitance will

h.lge 10 a larger voltage (VT = Q/Ci) whereas a large value of capacitance will charge to
“unller voltage (V1 = Q/CT).

(
1
|

}
»

T

SELF-TEST EVALUATION POINT FOR SECTION 7-2

Use'“flhe following questions to test your understanding of Section 7-2.

l.rﬁIf 2pF, 3 pF, and 5 pF capacitors are connected in series. what will be the total circuit capacitance?

ljf'! pF, 2 pF, and 14 pF capacitors are connected in parallel, what will be the total circuit capacitance?

k) \St'alc the voltage-divider formula as it applies to capacitance.

& True or false: With resistors, the large value of resistor will drop a larger voltage, whercas with capacitors the smaller value of

‘iqncnor will actually charge to a higher voltage.

SECTION 7-2/ CAPACITORS IN COMBINATION
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EXAMPLE:
Refer to Figure 8-19(a} and (b) and calculate the inductance of each.
Solution:
[ - 5T X% 001 X (6,28 X 107%) 157 mid
a L= 0.001 =157m
10° 0.1 X (1.1 x 1074
b. L = =11 mH
0.1
TABLE 8-2  Permeabilities of Various Materials Length is
0.001m
MATERIAL PERMEABILITY () r-—'-'
Adr or vacuum 1.26 x 10" _ 3
Nickel 6.28 % 10 Area =0.01m
Cobalt 7.56 % 10 N=5Turns
Cast iron 1.1 ¢ Nickel Core, so u=6.28 x 10°*
Machine steel SeS < (0 (a)
Transformer iron 6.9 x 10
Silicon iron 8.8 10 ° Length is 0.1 m
Permalloy 0.126
Superalloy 1.26
o ~ Area = 0.1 m?
N =10 Turns
Cast Iron Core, sou = 1.1 x 10°¢
(b)
FIGURE 8-19 Inductor Examples.
8-3-2 Inductors in Combination
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Inductors oppose the change of current in a circuit and so are treated in a manner sinia
to resistors connected in combination. Two or more inductors in series merely extend I
coil length and increase inductance. Inductors in parallel are treated in o manner simile
to resistors, with the total inductance being less than that of the smallest inductor’s
value.

1. Inductors in Series

When inductors are connected in series with one another. the total inductance is cav-
lated by summing all the individual inductances.

L7‘=L|+L2+L3+"' J
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Cafoudate the total inductance of the circuit shown in Figure 8-20.
B Solution:
Lry=1Ly+ L+ L;
=5mH + 7mH + 10 mH

=22mH
FAIGURE 8-20 Inductors
inSeries. L L,
——— T —— T
5 mH 7 mH
o
8 10 mH & L,

2. Inductors in Parallel

When inductors are connected in parallel with one another. the reciprocal (two or more
incuclors) or product-over-sum {two inductors) formula can be used to find total inductance.
whick will always be less than the smallest inductor’s value,

S |
s (1/Ly) + (/L) + (1/L;) + - -+

L= L XL,
TTL+L
T EXAMPLE:
|
. Bezmmine Ly for the circuits in Figure 8-21(a) and (b).
"0 Solution:

s. Reciprocal formula:

| b =T0L) + (UL, + (VL)

B I
. ~ (/10 mH) + (1/5mH) + (1/20 mH)
=29mH

b Product over sum:

_Lx
L+ L,

l ~ 10uH X 2pH
[ " 10uH + 2pH
I _20x 107" H?
[2 pH

Ly

= 1.67 uH

| SECTION 8-3 / SELF-INDUCTION
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1M0mH |[5mH 20 mH

(a) (b}

FIGURE 8-21 Inductors in Parallel.

8-3-3 Types of Inductors

As with resistors and capacitors, inductors are basically divided into the two categories of
fixed-value and variable-value inductors. as shown by the symbols in Figure 8-22(a) and (bl
Within these two categories, inductors are generally classified by the type of core matenal
used. Figure 8-22(c) shows a variety of different types.

8-3-4 Inductive Time Constant

Inductors will not have any effect on a steady value of direct current (de) from a dc voltags
source. If, however, the dc is changing (pulsating). the inductor will oppose the chang

(a) (b)

(c)

FIGURE 8-22 Inductor Types. (a) Fixed-Value Inductor Symbol. (b) Variable- Value Inducte
Symbol. (¢) Physical Appearance of Inductors.
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