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The basic operation and use of capacitors. 

The sheer number of different 
electronic components can make our 

subjectdauntingtothebeginner.Ifwecon
siderthecomplexity of some of these com
ponents while trying to understand the 
basic circuit principles, we are going to get 
bogged down in confusing detail. This can 
be avoided by learning here and now that 
any electronic circuit or component only 
has one or more of three properties: they 
have resistance, inductance, capacitance, 
or a combination of these properties and 
bearing them in mind when analyzing cir
cuit actions will help to keep electronics 
simple. 

Electrostatics 
Electrostatics is the science of electric 
charges at rest (static electricity) and is 
fundamental to the study of capacitors and 
capacitance. The first law of electrostatics 
is: Like charges repel; unlikechargesat
tract. 

A force of attraction exists between 
two bodies of unequal charges and a force 
of repulsion exists between two bodies of 
equal charges.This principle can be 
demonstrated by a simple experiment 
which produces static electricity: if a bal
loon is rubbed on woollen clothing (or 
your hair-especially after it has recently 
been washed) and touched to a wall, the 
balloon will attach itself to the wall. This is 
an example of creating electricity by ap
plying friction energy. 

Electrons are dislodged from one 
material and attached to the other, giving 
one body (the balloon or the wool) a posi
tive charge and the other a negative 
charge. The wall is neutral (like all matter 
under naturally conditions i.e. not under 
the influence of an external energy) so 
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there is a force of attraction between the 
two unlike bodies. 

This force is called an electric field; 
the balloon for example, acquired a field 
offorcearoundit(thelinesofforcewill,of 
course, be concentrated around the area of 
the balloon that was rubbed) after it had 
been charged by friction. The greater this 
charge on the balloon, the greater the 
electric field around it; also, the electric 
field will disappear when the dogy losses 
its charge (when it is in its normal neutral 
state). 

An electric field exists between any 
two different voltages. The direction of 
the force in an electric field depends on the 
polarity of the charged body. The direc
tion is away from negative charges and 
towards positive charges, as shown in Fig. 
la. When two unlike charges are acting 
upon each other (when they are close 
enough together, as in Fig. lb) the nega
tive charge moves towards the positive 
charge. 

With this in mind, consider the simple 
circuit of Fig. 2 (the "load" resistorrepre
sents any component or components as an 
equivalent resistance). When the switch is 
open there is no current flow but the bat
tery is charged (the chemicals inside the 
battery force an accumulation of electrons 
at one terminal with respect to the other 
terminal-we call the force acting to con
vert chemical energy into electrical ener
gy [voltage] an electromotive force or 
EMF). 

When the switch is closed the electric 
field causes electrons in 'the wire to move 
away from the negative terminal (where 
they are repelled by the excess of 
electrons) of the battery, through the com
ponent(s), and back to the positive ter-. 

minal (where they are forced by a chemi
cal action [electromotive force] back to 
the negative terminal inside the battery). 
This movement is repeated again and 
again around the circuit the whole time 
that there is enough charge in the battery. 

So current flows from negative to 
positive; but be aware that early scientists, 
from the results of experiments and before 
a true theory could be formulated, thought 
that current moved in the opposite direc
tion. We call the early theory, that current 
flows from positive to negative, conven
tional current and many authors of 
electronic texts still use ittoday. 

capacitors and capacitance 
Capacitance exists between any two con
ductors in close proximity and it is the 
property of a circuit that causes an electric 
charge to be stored. Components 

(b) 

Fig.l. The electric field. 
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Fig. 2. Electrons in a simple circuit. 

manufactured to specific values of 
capacitance are called capacitors. 

capacitors 
Capacitors fall into two main groups, the 
polarized capacitor and the non-polarized 
capacitor. Electrolytic and tantalum 
capacitors are polarized and the correct 
polarity must be applied to their terminals. 
If a voltage is applied to the capacitor in the 
reverse direction the internal insulating 
layer, which we will talk about in a mo
ment, will breakdown and short circuit the 
capacitor. The result will be damage to the 
capacitor and possibly other components 
in the circuit. 

All polarized capacitors are clearly 
marked "+" and "-" on the body of the 
device and care must be taken that these 
polarities are observed when constructing 
circuits. Electrolytics, in particular, may 
explode if connected in reverse polarity to 
a sufficiently high voltage. 

Non-polarized capacitors can be 
freely placed either way round into a cir
cuit. All capacitors, however, have a max-
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Fig. 3.Basiccapacitor. 

imum voltage rating; they are usually 
marked with their working voltages and 
this voltage should never be exceeded, as 
stated in Part 2. 

A capacitor consists of a thin strip of 
insulating material, known as the 
dielectric, sandwiched between two metal 
plates, as shown in Fig. 3. The dielectric 
describes the capacitor type and is often 
paper,air,mica,polyesterorceramic. 

All capacitors have (at least) two 
plates and a dielectric layer. The use of a 
variety of dielectrics and the employment 
of different construction processes yield 
an assortment of capacitor shapes and 
sizes(seTable2.5-Part2). 

High values of capacitance, in a com
pact form, can be achieved by rolling or 
stacking strips of metal foil and dielectric 
material, as shown in Fig. 4. Sometimes 
the dielectric is a paste or liquid instead of 
a solid; electrolyte, in the electrolytic 
capacitor for example, is a paste. Table 1 
gives a small selection of typical 
capac~tors with relevant comments about 
each (refer to Part 2 for more information 
includingvaluecolourcoding). 

Variable capacitors are also avail
able. The dielectric in these capacitors is 
usually air because it is convenient to vary 
capacitance in variable capacitors by 
mechanically adjusting the distance be
tween their plates (or the amount of over
lap of the plates). The distance between 
the plates (which is the thickness of the 
dielectric) is only one of three factors that 
determine the capacitance of capacitors. 

capacitance of capacitors 
The capacitance value of a capacitor deter
mines the amount of charge it is capable of 
storing; this depends on the following 
characteristics of the device: A) the area of 
the plates; B) the thickness of the 
dielectric; and C) the material used for the 
dielectric. 

Plate Area 
The value of a capacitor determines the 
amount of charge it is capable of holding. 

The amount of charge it will hold is direct
ly proportional to the area of its plates; this 
stands to reason since a larger plate area 
holds more electrons. Fig. Sa shows that, 
for two capacitors with the same dielectric 
material and distance between the plates, 
the one with the larger plates has the 
greater capacitance. 

Dielectric Thickness 
The strength of the electric field between 
the plates depends on the distance between 
them; the closer the plates are together the 
greater the intensity of the field. The dis
tance between the plates is, of course, a 
function of the thickness of the dielectric. 
Fig. Sb shows that, for two capacitors with 
the same dielectric material and plate area, 

Fig. 4. Construction of capacitors. 
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Cspicitorsanctcapacitance 
Common Common 
Range of Working Voltage 

Type Identification Values rating s Polarised? Com m ents 

Electrolytic 1 1-<F - 1 0,000~-<F 10- 450 Yes Used where large values of 

(~~·; 
capacitance are needed 
and losses *a re unimport-
ant . Often used fo r sm ooth-

~ in g (see text) 
Tantalum 100nF- 100J-<F 6 - 35 Yes General purpose. Often 

used in t im ing circu its 
Mica ~c::::::. 2pF - 10nF 350 No Used in p recis ion (l ow loss ) 
(silvered) circuits (TV and radio 

~l 
tuners etc ) 

Polystyrene 10pF- 10nF Up to 500 No Very low losses (better 
th an m ica ) but m o re bul ky 

Ceramic -== 10pF- 100nF 1000Vd.c. No Very su itable fo r no ise sup-
300Va .c. pression in digita l circuits 

*A proportion of the energy supplied to a capacito r is lost in the dielectric. This is true for all capacitors but th e 
amount of loss varies with the dielectric material. 

Tablet 

theonewiththeplatesnearesttoeachother 
has the greater capacitance. 

The thickness of the dielectric is also 
important in determining the working 
voltage of the capacitor; the thicker it is, 
the greater the voltage needed to destroy 
it 

Dielectric Material 
Dielectricsareofmaterialsthatcansustain 

It/CREASING PLA TE AREA INCflfASES 
r HE CAPACI TANCE 

(a l 
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IOt<:.;TMlCE:. BfT Wf:E I~ PLA TES I OECR E A~ES 
CAPAC I rAt~CE 

(b) 
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CHANGE l HE CAPACITANCE 

(c) 

Fig. 5. Variation of capacitance with 
dimensions of a capacitor. 
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strong electric fields without breaking 
down. A measure of this strength is termed 
the dielectric constant. The greater the 
dielectric constant, the better the 
dielectric. 

Dry air has a dielectric constant of 1, 
glass about 5, and mica about 7. The 
higher the dielectric constant for the same 
plate area, the greater the capacitance; for 
example, a 1uF air capacitor would be
come 7uF if a mica dielectric were placed 
between its plates, and SuF for a glass 
dielectric. Fig. Sc shows that, for three 
capacitors with the same dielectric thick
ness and plate area, the values vary ac
cording to the dielectric constants of the 
different dielectric materials. 

Unit of capacitance 
A capacitor holds (stores) electric charge, 
rather like a bucket holds water. The 
amount of charge it stores depends on the 
capacitance value (in farads) of the 
capacitorandthesizeofthevoltageusedto 
charge it. Charge (symbol Q) is a quantity 
of electricity, the elementary particles of 
which are protons and electrons. Since the 
charge on an electron (or proton) is very 
small, charge is measured in coulombs 
(sylrbol C);onecoulombisequalto6.29x 
10 electrons. 

A capacitor is "charged" by connect
ing it to a voltage source, as shown in Fig. 
6. The amount of charge acquired by the 
capacitor can bedefmedas follows: 

A capacitor has a capacitance of 
one farad if a charge of one coulomb 
raises the potential difference by one 
volt. 

Fig. 6. Charging a capacitor. 

This means that for a one farad 
capacitor connected to a one volt DC 
source, as shown in Fig. 6, the capacitor 
will acquire a charge of one coulomb (i.e. 
6 ,290 ,000,000 ,000,000,000 more 
electrons on one plate than on the other 
plate). So, for any given capacitor: 

Capacitance = ChargeN oltage, ie, 
C=QN 

Illustrative Example 
What is the charge on a lOOu capacitor 
connectedacrossasupplyof10VDC? 

C=QNCV=QVN 
Q=CV=lOx lOOx 10-6 

= 1000x 10-6= 1x 10-3 

Therefore Charge (Q)=1mC (one 
milli-coulomb) 

capacitors in Parallel 
Total capacitance in a circuit containing 
capacitors in parallel is the sum of all the 
individual capacitors: 

This is easy to understand because 
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Cspicitorsanctcapacitance 

30).J F 

-n-

Fig. 7. Capacitors in parallel. 

adding capacitors is the same as increas
ing the plate area and, as we have just seen, 
an increase in plate area increases the 
value of the capacitor. Fig. 7 demonstrates 
that adding three lOu capacitors con
nected in parallel produces an equivalent 
30ucapacitance. 

Care should be taken, when increas
ing a particular value of capacitance by 
connecting capacitors in parallel, not to 
reduce the working voltage of the com
bination below the required value. The 
working voltage of the combination will 
be the rating of the capacitor having the 
lowest working voltage; for example, a 
47u capacitor with a working voltage of 
6.3 volts and a 1 Ou capacitor with a work
ing voltage of 100 volts connected in 
parallel have a maximum working voltage 
of6.3 volts for the combination. 

Capacitors in Series 
Connecting capacitors in series reduces 
the total capacitance in the same way that 
connecting resistors in parallel reduces 

101JF 10LJF S~F 

-tI--ll- = -II-

Fig.8. Capacitors in series. 

the total resistance (Fig. 8). So the formula 
for calculating the equivalent capacitance 
of series capacitors is similar to the for
mula for fmding the equivalent resistance 
of parallel resistors: 

Ct= l/(1/Cl + l/C2 ... etc) 

The expression can be simplified by 
using the "product over the sum" process 
when there are only two capacitors: 

Ct=(Cl XC2)/(Cl +C2) 

The maximum working voltage for a 
combination of series connected 
capacitors will be greater than any one of 
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the voltage ratings of the individual 
capacitors; for example, for a couple of 
lOu capacitors each with a 10 volt work
ing voltage rating (connected in series to 
make an equivalent 5u capacitor), the 
equivalent safe working voltage for the 
combination will be20 volts. 

Capacitors and DC 
Whenacapacitorisfrrstconnected to a DC 
power supply, current flows in the circuit 
until the capacitor is fully charged (it is 
fully charged when the voltage across the 
plates is equal to the supply voltage) and 
then current stops. The fact that current 
flows at all may be a bit of a surprise; after 
all, the capacitor sits in the circuit rather 
like an open switch, particularly if the 

(b l 

Fig. 9. Voltage across a capacitor. 

dielectric of the capacitor is air. 
Actually, open switch contacts do act 

like a capacitor but the distance between 
the contacts is so great (remember- the 
closer the capacitor plates are to each 
other, the greater the capacitance) the 
capacitance is negligible. 

Consider the diagram of Fig. 9a. 
While the switch is open there is no volt
age across the plates of the capacitor. 
When the switch is closed current flows, 
rapidly at frrst, in the direction of the ar
rows shown in Fig. 9b; current continues 
to flow, but diminishing all the time, until 
the capacitor is charged to the same level 
as the battery when current stops. How 
long it takes for the capacitor to charge is a 
period of time which is determined by the 
value of the capacitor and the resistance in 
the circuit (in this case, the resistance of 
the battery, connecting wires and com-

ponent leads); we will come to this a little 
later. 

Current flows because electrons from 
the top capacitor plate are attracted to the 
positive terminal of the battery (unlike 
charges attract), pushed towards the nega
tive terminal inside the battery (by 
electromotive force), and repelled from 
the negative terminal to the bottom plate 
of the capacitor (like charges repel). An 
excess of electrons then exists on the bot
tom plate, giving a potential difference 
equal to the supply voltage across the two 
plates as the current ceases to flow. 

The electrons belonging to the top 
capacitor plate are now on the bottom 
plate and they cannot return whence they 
came because of the insulating properties 
of the dielectric. An electrostatic field 
with a force equal to the supply voltage is 
now acting inside the capacitor, Fig. 10 
shows how the unlike charges of the 
protons and electrons from the two plates 
line up in the electrostatic field, attempt
ing to move together to equalize the char
ges. This force field remains even when 
the switch is opened or the capacitor is 
removed from the circuit; hence the 
capacitoris referred to as a storage device. 

The capacitor can be discharged by 

PLATES 

OIELECTRIC 

ELECTRONS ON THIS PL ATE 
ARE ATTRACTED TO PROTONS 
ON THE OTHER PLATE THEY 
U NE UP IN THE FORCE OF 
AT TRACTION CREAT I NG AN 
ELECTRIC FlELO BETWEEN 
THE PLATES 

Fig. 10. Electrons in a charged 
capacitor. 

providing a conductive path between the 
two plates, as shown in Fig. 11, allowing 
the excess electrons to bypass the 
dielectric and return to the plate from 
which they originally came. Fig. 12 shows 
a s.p.d.t. switch configured to charge the 
capacitor, through a resistor, in one posi
tion and discharge it, again through the 
resistor, in theotherposition. 

In this circuit the capacitor charges or 
discharges, depending on the switch posi
tion, through the same resistance - the 
value ofR-(the resistance in the battery 
and the wires is so small it can be ignored) 
so the time taken for both charge and dis
charge is the same. 
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Fig.14.ElectronsinanAC circuit. 

capacHors and AC 

czr-

When a DC voltage is applied to the circuit 
ofFig. 13a, the bulb just flickers as a result 
of the transient current When an AC volt
ageisappliedtothesamecircuit(Fig.13b), 
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Fig.l2. Circuittochargeanddischarge 
a capacitor. 

however, the bulb will remain illuminated. 
Alternating current flows continuously in 
an AC circuit. It is important to realize, 
though, thatcurrentdoesnotflow through 
the capacitor - it cannot because of the 
dielectric between the plates. 

In fact, as illustrated in Fig. 14, cur
rent flows into the capacitor (to charge it 
- electrons accumulate on one plate) 
during one half cycle and out of the 
capacitor (to discharge it in the opposite 
direction, (electrons accumulate on the 
other plate) during the other half cycle. It 
does this repeatedly for as long as the AC 
supply is present. 

The capacitor is first charged posi
tively and then discharged to zero volts, 
then it is charged negatively followed by 
being discharged back to zero again. So, as 
Fig. 14 shows, electrons repeatedly flow 

'I~ VOLTAGE V\J A 
:•· 1 v 
I . ! ' 

'"""'"' ~ 
TIME- to t 1 t 2 IJ 

Fig.15. Voltage and current inFig.14 
circuit. 

back and forth in a continuous cycle of the 
capacitor trying to first charge in one 
direction and then in the other. 

Phase 
But the current flow does not change in 
step with the voltage (we say current and 
voltage are out of phase in a capacitor cir
cuit), as illustrated in the graph of Fig. 15. 
At the instant AC is applied, the voltage 
starts to rise in the positive direction. As 
the supply voltage increases, the capacitor 
charges, the voltage across it gets closer to 
the supply voltage and current decreases 
accordingly. At time tt the capacitor is 
charged to the maximum value and current 
is zero. 

As the supply voltage decrease the 
capacitor discharges and, at time t2, the 
power supply voltage is zero and current 
has taken a maximum negative value. The 
current continues to flow but diminishes 
as the voltage builds up in the negative 
direction. When the supply voltage has 
reached its maximum in the negative 
direction (att3) the capacitor has again be
come fully charged and current has 
dropped to zero. It can be seen from the 
graph that current is a quarter of a cycle 
(90.) ahead of the supply voltage. 

CR lime Constant 
The time taken for capacitors to either 
charge or discharge through a resistance is 
measured in terms of capacitance-resis
tance time constants (usually abbreviated 
to CR time constants). The CR time con
stant is the time taken to charge any value 
capacitortoavoltageequalto63.2percent 
of the fmal fully charged voltage or dis
charge a capacitor to 36.8 percent of the 
original fully charged voltage. The time 
constant(T) of aCRcircuitis: T= CxR. 

A capacitor charges to 63.2 percent of 
its final value in one CR time constant so, 
for example, a lOu capacitor charged 
through a lOk resistor from a 10 volt 
source would have 6.32 volts ((63.2 x 
10)/100=6.32) acr~ss its plates 100 milli
seconds (10- x 104=10-1=0.1 
sec=lOOms) after power was applied to 
the circuit. For the same CR circuit, the 
same time constant (lOOms) applies for 
discharging the capacitor of 3.68 volts. 
Capacitor charge and discharge times are 
shown graphically, in terms of CR time 
constants and voltage, in Fig. 16. 

It can be seen from these graphs that it 
takesaboutfiveCRtimeconstantstocom
pletelychargeordischargeacapacitor; we 
have to decide on a voltage very close to 
the supply because theoretically, as 
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Fig. 16. RC charge and discharge 
graphs. 

shown by the graphs, the capacitor never 
quite completes the charging or discharg
ing process. We say, as a rule of thumb, 
thatittakesfiveCRtimeconstantstocom
pletetheprocess. 

The subject of the time constant equa
tion can be changed to determine the value 
of either the resistor or capacitor for there
quired time constant: 

R=T/CandC=T/R 

Illustrative Example 
What capacitor must be used with a 500 
ohm resistor fora 50ms time constant? 

C=T/R=0.1 x 10-3 or100u. 
What resistor must be used with a IOn 

capacitor for 100us ~econstant? 
R=T/C=10x10 or10k. 
We have looked, above, at how the 

capacitor works with respect to current 
flow in the process of storing a charge, and 
at the charge and discharge of capacitors 
in time constants. Now let us look a little 
closer at what happens with respect to cur-

Fig .17. Simple test circuit. 
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Fig .18. Graphs obtained from circuit of 
Fig.17. 

rent and voltage in a CR circuit. Fig. 17 
shows a capacitor and resistor connected 
in series across a battery supply via an 
SPST. switch. The capacitor is initially 
uncharged with zero volts across its 
plates. 

If we measured the voltage across the 
resistor and the current through it, and the 
voltage across the capacitor at regular in
tervals throughout the time that the tran
sient current flows (i.e. the time it takes for 
the capacitor to charge up), the whole pic
ture may be represented by the three 
graphs of Fig. 18. Current would vary 
throughout the transient period as shown 
in Fig. 18a: at the instant the switch is 
closed the current will be at its maximum 
value (V /R) and then fall quickly over the 
period to zero as the capacitor becomes 
charged. 

Fig. 19. Circuit/or the practical exer
cise. 

The voltage across the capacitor 
starts at zero (at the instant the switch is 
closed),asFig.18bshows,andquicklyin
creases as the current in the circuit 
diminishes. All the applied voltage in a 
circuit is divided proportionally between 
the component parts of the circuit; hence, 
as the voltage across the capacitor in
creases, the voltage across the resistor 
falls,asshowninFig.18c. 

Practical Exercise 
These findings may be verified by means 
of a practical exercise using two meters, a 
clock or wrist-watch with a second 
counter/hand, and the circuit of Fig. 19. 
Use any combination of resistor and 
capacitor that gives a CR time constant 
equal to or greater than 10 seconds (you 
will need either a very large resistor or a 
very large capacitor) and a power supply 
that does not exceed the capacitor voltage 
ratin~ or the resistor power rating 
(P= V IR -at one point, although only for a 
short time as shown in the graph of Fig. 
18c, the voltage across the resistor is the 
entire source voltage). 

Adjust the voltmeter range to a set
ting greater than the supply voltage and 
the ammeter to a setting greater than the 
supply voltage divided by the resistor in 
your circuit (I= V /R). Place the two meters 
in the circuit as shown in the diagram. 

Create a table in which to chart the 
voltage across the capacitor, the voltage 
across the resistor, and the current in the 
circuit at every CR time constant interval 
for five time constants; for example, Table 
2 charts a set of readings for this practical 
exercise with a circuit containing a one 
megohm resistor and a ten microfarad 
capacitor driven by thirty volts. 

When you have charted the values for 
various circuits, plot graphs from the read
ings and compare the shapes between the 
different circuits and to those of Fig. 18. 
Then ask yourself these questions about 
the CR circuits: 

A) How does the value of resistor af
fect the rate at which a particular capacitor 
charges? 

B) How does varying the value of the 
capacitor affect the rate at which it charges 
when the resistor value is constant? 

C) What percentage of the total supp
ly voltage is dropped across the capacitor 
in the frrst CR time constant? 

D) What percentage of the total supp
ly voltage is dropped across the resistor in 
the frrst CR time constant? 

E) What is the relationship between 
the voltage dropped across the capacitor 

E& 1T Aprll1990 



CR TIME CONSTANTS 
1st 2nd 3rd 4th 5th 

Time (seconds) 0 10 20 30 40 50 
Almost 

Current (microamps) 30 11 6 2 zero 
Voltage across Almost 
capacitor 0 19 26 28 29 30 
Voltage across Almost 
resistor 30 11 6 2 zero 

V= 30V: C=101LF: R= lM!l: CR = lOsec : 

Table2. 
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(b) 

(c) 

Fig. 20. Response of the circuit to a 
square wave. 

and the voltage dropped across the resis
tor? 

F) What happens to current in the cir
cuit when the voltage across the capacitor 
is at a maximum? 

G) What happens to current in the cir
cuit when the voltage across the resistor is 
at a maximum? 

CR Response to Digital Signals 
Now that we have the concept of the CR 
time constant under our belts, we can look 
at the transient response of CR circuits to 
signals which are more likely to appear in 
digital circuits. We will analyze the 
response of the circuits in Fig. 20 and 21 to 
the input of a square wave. 

Applying a square wave to the input 
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Fig. 21. Response of the circuit to ta 
square wave. 

ofthecircuit(a)inFig.20producesanout
put looking like the graph in (b). When the 
input goes to+ 5 volts at time tt , plate 2 of 
the capacitor also goes to+ 5 volts (current 
is at its maximum so all the source voltage 
must be across the resistor): it takes 5 x C x 
R to charge up-in the charged state plate 
1 of the capacitor would be at+ 5 volts and 
plate2at0volts. 

By the time five time constants have 
passed (at t2) the capacitor is charged and 
plate 2 becomes zero volts; it remains at 
zero volts until the square wave changes to 
zero volts at t3 when the voltage at plate 2 
goes negative (to -5 volts- why? Be
cause at the time immediately before t3 the 
capacitor was fully charged, it takes time 
for it to discharge so 5 volts worth of nega-
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Fig. 22. Voltage graphs in a simple cir
cuit. 

tive charge piles onto plate 2 at the instant 
t3). It discharges five time constants later 
(t4). And so on at each transition from 0 
volts to 5 volts and back again. 

The waveforms in Fig. 20c show how 
the value of the CR time constant com
pared to the period of the input waveform 
change the shape of the output. The 
shorter the CR time is, compared to the 
period of the input, the more spiky will be 
the output. For CR times much greater 
than the period of the input, the shape of 
the output closely resembles the shape of 
the input. 

Applyingthesamesquare wave to the 
input of the circuit in Fig. 21 (where, com
pared to Fig. 20 the positions of the resis
tor and capacitor have been reversed) 
produces an output looking like that in (b) 
of the same figure. At time t1 the capacitor 
starts to charge through the resistor, taking 
five time constants to reach 5 volts (at tz). 
The capacitor remains charged until t3 
when the input changes from 5 volts to 0 
volts; from this time it takes five time con
stants to discharge back to zero at t4. And 
so on at each transition from 0 volts to 5 
volts and back again. 

The wave shapes for time constants 
greater than and shorter than the period of 
the input waveform are shown in Fig. 21c. 
When CR is shorter than the period of the 
input waveform, the output is a rounded 
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( a ) ( b) 

Fig. 23. Smoothing action. 

triangle waveform. When CR is very great 
compared to the period of the input signal, 
the output quite closely resembles a DC 
level. 

We separated the circuits, Fig. 20a 
and Fig. 21a, to illustrate the way in which 
CR arrangements appear in circuit 
diagrams, but it is important for you to see 
that the two circuits are more alike than 
different. The difference between the two 
arrangements is from where in the circuit 
the output is taken, from across the resistor 
or from across the capacitor. Fig. 22 
clarifies this by showing both arrange
mentsfromthesamecircuits. 

It can be seen from the foregoing ex
amination that the ability of such circuits 
to change the shape of the signal can be 
used to great advantage in some applica
tions. An application of particular interest 
to us, in this course, is thatof"smoothing". 

Smoothing 
Smoothing is an application of the above 
ideas used in mains derived DC power 
supply circuits. The smoothing capacitor 
isusedintheprocessofconvertingACinto 
DC. We do not go into detail here but the 
stages involved ina simpleAC to DC con
versionareoutlinedinFig.23. 

First the negative half cycle of the AC 
signal (a) has to be removed to produce a 
signal like that in (b). This is a pulsating 
DC and not smooth enough for most ap
plications. The easiest way of smoothing 
out the pulses is by feeding the signal into 
a capacitor (as shown in Fig. 24) to 
produce a DC output something like that 
in Fig. 23c. This DC voltage still fluc
tuates but it is acceptable for many ap
plications. 

The smoothing capacitor works by 
holding the charge (or only discharging a 
little) between one input pulse and the 
next, as illustrated in Fig. 25. The larger 
the capacitor, the longer it holds the 
charge and the smoother the DC signal be
comes. 

Blocking 
Blocking is used in applications whereAC 
and DC voltages are both present in the 
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same circuit. An amplifier, for example, 
has both types of voltage and often re
quires just the AC signal to be amplified; 
theDCvoltagemustbeb/ocked. 

The circuit of Fig. 26 shows how DC 
blocking is done. With the switch open, 
and after the transient current period 
(SCR), there is no voltage across the resis
tor. Applying an AC signal, by closing the 
switch, puts an AC signal across the resis
tor. Exchanging the resistor in this circuit 
for an amplifier would allow the AC to be 
amplified without being affected by the 10 
volts DC. 

Fig.24. Smoothing circuit. 
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Fig. 25. Illustration of smoothing. 
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Fig. 26.Illustrationfor blocking. 

Reactance 
Before we leave the subject of capacitors 
and capacitance we should mention a 
property called reactance. Reactance is a 
sort of resistance that only affects capaci
tive (and inductive) AC circuits; for ex
ample, replacing the capacitor in the cir
cuit ofFig. 13b by a wire link would cause 
the bulb to get brighter- this means that 
more current would flow so the capacitor 
must have a resistance to AC. 

Reactance, unlike resistance, is not a 
constant- it changes with the frequency 
of the AC. Reactance is lower for high fre
quency signals than it is for low frequency 
signal; doubling the frequency halves the 
reactance. The equation for capacitive 
reactance (Xc measured in ohms) is as fol
lows: 

Xc= 1/(2pi xfxC) 
In which pi is 3.1416, fis the frequen

cy (in Hz) of the signal and C is the 
capacitance (in Farads) in the circuit. • 
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