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tuned circuit is formed by a combination of a coil
Aqand a condenscr. It can select a given signal fre-

uency from a number of different frequencies.
As in the case of a radio receiver, it is necessary to be
able to vary the tuning so that signals of different wave-
lengths or frequencies may be received. This can be
achicved by varying the inductance or the capacitance of
the typical tuned circuit shown in Fig.1. The latter proce-
dure, howcever, is simpler and is nearly always adopted.
In such circuits, the longer the wavelength of the signal
we wish to sclect, the morce capacity must be put in the
tuning circuit.

Capacitors and capacity

A capacitor (or condenser) is made of iwo metal
electrodes. separated by an insulating medium, called
the diclectric matcrial.

The property of the condenser to store electrical
charge is termed as the capacitance. The capacitance of a
condenser depends on its various physical and clectrical
parameters. The capacitance is directly proportional to:
(i) the area of overlap of the electrode plates, (ii) the
number of pairs of such plates in parallel, and (iii) the
specific inductive capacity of the insulating material

APRIL 1983

uscd. On the other hand, the capacitance is indirectly
proportional to the distance between the plates. Capac-
ity is usually expressed in microfarads (abbreviated as uF
or mfd) or in picofarads (abbreviated as pF). A micro-
farad is 1/10°th and a picofarad is 1/10Vth respectively of
a Farad. which is the unit of capacitance.

There are basically two types of capacitors, viz, fixed
and variable. Here we will discuss only the different
forms of variable capacitors.

Variable capacitors

Variable capacitors are generally made having a fixed
scet of vanes while a set of moving vanes operate hetween
the gaps of the fixed vanes. The fixed and moving vanes
are mutually insulated cither by air or some other di-
electric material. When the vanes of the condenser are
fully interleaved. we get the maximum capacitance.

Many variable condensers have an air diclectric, but
others have dielectric materials like mica, polyester or
other insulating materials.

The former are always more efficient because air is the
most perfect dielectric material known, causing mini-
mum energy loss. On the other hand, solid dielectrics,
having a higher ‘diclectric constant’, require a smaller
area of vanes to make a condenser of a given capacity. In
addition, the vanes can be placed much nearer to obtain
greater capacitance, without the least fear of o short
circuit. Consequently, the physical size of a solid di-
electric condenser is sizeably less than that of an air di-
electric condenser of equal capacity.

Air dielectric condensers are used when precision tun-
ing and low losses are involved. But solid dielectric con-
densers are suitable for compact. pertable sets, where
loss can be tolerated within limits.

Types of variable capacitors

The type of variable capacitor depends on the per-
formance characteristics desired This variation in the
capacitor cha; acteristics is achieved by modifying the
shape of the moving vanes. The shape of the fixed vanes
is quite unimportant, provided that they are large en-
ough to completelv overlap the moving vanes when in-
terleaved. The general types of variable capacitors are
described hereafter, each having advantages for certain
requirements.

Straight line capacitor: Condensers of this type have
semicircular moving vanes, as shown in Fig. 2(a). As a
result, the capacity increases (or decreases) at a uniform
rate as the moving vanes are turncd. This results in a
linear relationship between the capacity of the condenser
and the angular position of the dial. as shown in Fig.
2(b) In actual practice, the graph curves slightly at each
end of the dial, as shown by dotted lines.

This type is suitable for applications such as reaction
control (feedback control from detector stage to the tun-
ing stage) in a wircless receiver but unsatisfactory for
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tuning purposes in recewver sets. This is because the
wavelengths to which a coil will tune are not proportional
to the capacity ot the tuming condensers. Thus stations
are crowded at the lower range and spaced unnecessarily
at the upper range. it such a condenser is used o a radho
set.

Square law capacior The Tast mentioned disadvantage
caused the introduction of the “square law’™ or ‘straight-
hine wavelength® condensers. The shape of the moving
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Fig.2: Straight line capacitor

vanes is such (see Fig. 3(a)). that as they are rotated, the
arca ot overlap of the vanes is small at first and greater
towards the end of rotation, This results in a hnear rela-
tionship between the wavelength of the wuned circutt and
the dial angular reading., as shown in Fag. 3(b).

This is very uscful from the view ot receiver calibra-
tion. but it still causes stations on the lower wavelengths
to be more crowded than the ones on the upper side.
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Fig.3: Square law capacitor

This 1s because it is the frequency, rather than the wave
length, which gives the desired spacing of stations in a
radio set.

Strarght line frequency capacitor: We can now appre-
ciate the value of the straight hine frequency condenser.
The usual shape of vanes is shown in Fig. 4(a) and is so
designed that the frequency of the tuned circuit is prop-
ortional to the dial angular sctting, as shown in Fig. 4(b).

For many applications. this is the most convenient,
since it gives equal station separation over the whole of
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Fig.4: Straight line frequency capacitor

its scale and also permits easy calibration in terms of
frequencies. However, this type of condenser is not suit-
able tor “ganging’ (physical coupling with another vari-
ablc capacitor in a radio set) becausc of its comparatively
small capacity at low dial readings. In consequence of
this, stray capacitances and trimming capacitances abso-
lutcly ruin the matching cxcept on the higher dial
readings.
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Log capacitors: These are the best for -ganging’
purposcs and their tuning characteristics lie somewhere
between those of the straight line frequency and the
squarc law capacitors. Its vane shape is shown in Fig.
5(a) and the dial reading is proportional to the logarithm
of the capacity, as shown in Fig. 5(b).

Differential capacitors. These are similar to ordinary
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Fig.6: Differential capacitor
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variable condensers except that they have two sets of
tixed vanes and one set of moving vanes. The latter can
mesh with either set of fixed vanes and usually are partly
in mesh with both, as shown in Fig. 6. These are always
of the straight line capacitance type, so that the sum of
the capacitances hetween the moving and both sets of
fixed-vanes remain constant. As the capacity is increased
on one side, 1t is decreased on the other side at the same
rate.

These are often employed for Creaction control’
purposes in radio sets.

Trimmer capacitors. These are variable capacitors ot
small values and range, which can be preset to a given
value by suitable adjustments and are not meant for con-
tinuous variations.

Trimmers are connected in parallel with each scction
of *gang’ condenscrs. so that they can be matched to
compensate for the individual stray capacitances. There
arc a number of different ways of making them, but the
two principal methods are shown in Fig. 7(a) and (b).

In Fig. 7(a). the moving and fixed vanes are semicir-
cular, and the moving vanes can be brought to mesh with
the fixed vanes by turning the screw to the required de-
grec. thus increasing the capacitance. In Fig. 7(b), the
tightening of the insulated screw brings the springy plate
closer to the fixed plate, over the mica dielectric, in-
creasing the capacitance. The plates here are usualy
rectangular,
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Fig.7: Trimmer capaci;ors

Split end-plate condenser: This is just a different
method of trimming gang condensers. 1n this case, the
end moving vane of cach section is sphit radially and 1s set
further away trom the next fixed vane. than the others,
as shown in Fig. 8. Thus the capacity of any condenser
section of this end plate can be adjusted at any part of the
dial by pressing the appropriate sector of the split vane
towards the adjacent fixed ones. These types of ‘gang’
‘condensers can be matched with perfect accuracy over
the entire tuning range.

Requirements of variable condensers

Variable capacitors are subjected 1o continuous
adjustments, invo!ving movement of the vanes Thus, a
rigid structure is a must for all variable capacitors so that
the capacitance is not changed by bending of the vanes.
The spigdlcs should also be stiff and well mounted, pref-
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erably with ball bearings. so that radial displacciment
does not take place.

A carcful design is necessary so that the minimum
capacity of all variable capacitors is as low as possible for
any given maximum capacity. Insulation must be proper
to minimisc the leakage loss. And finally. the capacitor
must have excellent reproduction of its capacitance at a
particular setting, wrespective of the number of position
changes its moving vanes has gone through.
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