The Economical Design of Smoothing Filters

By F. S. Dellenbaugh, Jr., and R. S. Quimby*

item of amateur tr g equip t

The articles by Dr. Dellenbaugh and Mr. Quimby in the February and March issues of QST have emphasized
the importance of the first choke of the highwoltage rectifier-filter system with respect to both regulation and
smoothing, and have clarified as well as simplified the design of the front end of this generally little-considered
itting equi In this, the third article of the series, the smoothing action of the filter
system is hauled out and given particular treatment. In line with the trend of the times, it is shown how better
smoothing for less money can be realized by intelligent coordination of the numerous factors involved., Abso-
lutely practical, this article deserves better than casual reading. — EDITOR.

of a smoothing filter employed with r.a.c.

power supply may be calculated with a
very fair degree of accuracy. While this article is
based upon mathematical analysis, the results are
presented in tabular and graphical form. Redue-
tion of fundamental design formulas to extremely
simple expressions allows the general characteris-
tics of filter eircuits to be discussed without trial
and error methods, and leads to proper design for
maximum smoothing effect with minimum ma-
terial,

One of the first things is to define what is meant
by ripple. Van Der Bijl considers the terminal
ripple as the total change in voltage from maxi-
mum to minimum. Other writers have considered
the ripple as a superimposed wave on the average
or d.c. value of voltage, and speak of ripple as
the amplitude of this superimposed wave. In the
present case a similar congideration is used, but
the values of ripple are expressed as the r.m.s.
or effective values of the ripple voltage. This is
more closely in accordance with general engineer-
ing practice. It is warranted since the final ripple
is practically a sine wave with any smoothing
satisfactory in use. Under these conditions the
amplitude of the ripple will be 1.41 times the
effective value used in this paper, and the total
variation will be twice the amplitude. Therefore
convergion from one to the other is simple, the
only confusion being to find out which definition
any particular author is using.

A warning against undue saturation in iron-
cored chokes is always in order. Unfortunate
confusion exists between ratings, actual perform-
ance and opinion. The measurement of inductance
under actual conditions is difficult without a
specially equipped laboratory. All of the induc-
tance values mentioned herein are actual values
tested by special bridge or other methods under
conditions very closely duplicating those found
in operation. For good smoothing any approach to
resonance must be avoided. This holds for both 60
and 120 cycles. With a balanced single-phase
full-wave 60-cycle rectifier, 120 cycles is the
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THE ripple to be expected at the terminals

lowest frequency to be expected in the output.
However, 2 60-cycle resonance in the filler may
produce oscillations which will unbalance the
tubes and cause various disturbances varying
from too great a ripple to violent oseillation.
This is too complicated to be treated in this
article and deserves detailed treatment sepa-
rately. The general warning is that if the r.a.c.
power supply appears erratic, look for resonance
in the first section and cure it by increasing the
size of the first choke or the first condenser.

Fig. 1 shows the two filter elements separated,
the arrows indicate the ecircuits that become
regonant. In the first section simple series reso-
nance is found. In the second section resonance
around the circuit (circuital resonance) must be
considered. The same formulas hold for both,
except that in the case of Fig. 1b the value of the
two condengers in series must be used. The
formulas are as follows:

1
f = =z or, 1 - w2LC =)
2VLO
where f=frequency in cycles per second, L =in-
ductance in henrys, C'=capacity in farads,
7=3,1416 and w=2xf,

For 60 cycles «w?=0.142X10¢

“o120 ¢ w?=0.570X108 )
.:’ 1 & 02 in series = (], 102/’(0 1 +Cz)
TABLE I
INpucTANCE REQUIRED TO RESONATE UNDER GIVEN
ConpiTIONS
60 Cycles 120 Cycles
Fig. 1a ¢ = ufd, 3.55 (.88 henrys
Fig. 1b Cr=2pfd.
Cas=2ufd, 7.0 1.8
Fig. 1b Cr=2ufd.
Ca=dpufd. 5.3 1.3
Fig. 1b Chi=2ufd.
Car=Bpfd. 4.7 1.2

Thus, with values of chokes in common use
there is little danger of approaching resonance in
the second filter section, but there may be very
grave danger of getting into trouble with the first
filter section, A generally unappreciated diffi-
culty lies in the fact that the inductance is not
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constant over the variations of current during
each cycle, but has a cyclic value itself due to
changes in iron permesbility with changing mag-
netic flux. If any part of the eyclic value falls into
the resonant class, instability results, and os-
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1—RESONANT r(?IRCUITS IN SMOOTHING
ILTER

(a) First section, series resonance. (b) Second and suc-
ceeding sections, circuital resonance.

cillographic studies indicate that the eyclic
inductance may reach a point as low as 509, of
the gverage value determined by bridge or meter
measurements.

The next important item is to define what is
meant by “good smoothing.”” With receiving sets
8 ripple of 0.01% of plate voltage is inaudible,
0.1% is excellent commercial practice, while 1.0%
is bearable, although considerable hum is heard
when no signal is being received. As the ripple
modulation in the transmitted wave would pro-
vide the same relative audibility, these figures
probably are approximate measures of satisfac-
tion in transmission as well. Therefore for *phone
transmission we would like to get down to about
1-volt ripple per 1000 volts on the plate, and for
telegraphy to 10 volts ripple per 1000 on the plate
would probably be satisfactory. These values
appear to check roughly with expected smoothing
of characteristic circuits as described by various
amateurs.

TEST CIRCUIT

The schematic layout of the test circuit used is
shown in Fig. 2. The rectifier was the standard ’66
type, with the first choke of the swinging variety,:
having' an inductance of 12 henrys under test
conditions. The balance of the filter had numer-
ous chokes and condensers arranged so that vari-
ous sizes and various numbers of
sections could be obtained rap-
idly by test clip connections. The . . &
output was fed into a resistance jm
and the a.c. drop across the re-
sistance was measured by a vac-
uum-tube voltmeter similar to

meagured by meter and drop wire. This method
admittedly is open to some eriticism from the
standpoint of accuracy and frequency segrega-
tion, but serves admirably for a rapid relative
method of comparison. It thus meets the present
requirements and eliminates errors in calibration
of a more elaborate voltmeter. The transformer
voltage and load current were maintained the
same throughout the tests. The terminal voltage
was substantially the same, the only variation
being due to changes in choke resistance. Only
one set of test voltages and current were used,
since the variables are already quite complicated,
#nd there is nothing in the results, either theoreti-
cal or practical, that would be changed materially
by different power conditions.

TABLE IT
Frxep Test ConbiTions

Transformer voltage, 2100 volts total (1050 volts per side,

r, o 8.).
Terminal voltage, 800 to 860 volts d.c. (depending upon
choke resistance).
Twoad current, 300 milliamperes d.c.
First choke (1), 12 henrys.
Balance of filter circuit adjusted as given in each test.
Load resistance, 2700 to 2900 ohms,

FILTER BEHAVIOR

The voltage delivered by the rectifier to the
filter is almost exactly a “folded” sine wave, pro-
vided that the first choke is greater than the criti-
cal value. The filter elements then smooth out
this wave, attenuating the variations to any
desired degree, and finally deliver a slightly Huc-
tuating voltage to the load. This is shown graphi-
cally in Fig. 8. According to the definitions above,
the output is assumed to be a uniform d.e¢. voltage
with a superimposed sine-wave ripple, the meas-
ured values being the r.m.s. value of this ripple.
The original sine wave from the transformer con-
gistg practically of the fundamental frequency
only, harmonics usually being absent. When this
wave is “folded” by the rectifier, however, it
becomes unsymmeirical, and containg a great
many harmonics. An analysis shows that 439,

many that have been described
in these pages. The method of
determining ripple was by deflec-
tion and comparison. After the
vacuum tube voltmeter measure-
ment was made on the filter circuit, the switch
shown in Fig. 2 was thrown over and the required
o0-cycle a.c. to give the same deflection was

1Cf, MoLaughlin and Lamb, “What Is This Thing
Called Decibel?” QST', August, 1931, -~ EDITOR.
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FIG. 2— GENERAL TEST SET-UP

Adjustable filter circuit and vacuum-tube voltmeter.

of the original branch fransformer voltage ap-
pears as fundamental in the “folded’ sine wave
applied to the filter. Since this type of filter has
much greater attenuation for higher frequencies,
it is this fundamental component which con-
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tributes about 99% of the final ripple, and the
problem is thus simplified by being able to neglect
all other harmonics.

The filter action in smoothing ripple may be
considered from three points of view:

1. The “telephone’” method of considering its
properties of selective attenuation at dif-
ferent frequencies.

2. The cnergy-storage method, considering
the storage capacity of the different ele-
ments.

3. The -impedance method, considering the
over-all impedance of the load plus the filter
and the resulting current variations for any
impressed voltage wave.

Naturally all three methods give the same re-
sult if properly carried out. The first is chiefly
useful for considering the pass band and is a little
difficult to interpret if the terminal loads do not
match the characteristic impedance of the filter.
The second gives a very good physical conception
of what is happening and is the simplest to use
for indicating general characteristics, but more
difficult for predetermining ripple. The third is
the most complete and direct for
smoothing filter computation,
but introduces mathematics
which somewhat obscure the
operating significance until sim-
plified by successive approxima-
tions.

consider a 20-henry choke. Suppose it is operating
at 1000 volts and a current of 316 ma.; these
values are convenient since the square of 316 ma.
is 0.1 squared amperes, and the square of 1000
volts is 10°% which cancels the 10~ in the conver-
sion from farads to ufd. This choke will thus store

20 % 0.1 % 0.5 = 1.0 watt second.

This is about the size of choke usually used in
the second part of the filter circuit. It will weigh
about 20 pounds and, if the energy could be
properly applied, it would light a 2-watt lamp for
a half second. This does not seem like very much
energy and offhand one would not expect such
small energy storage to do much smoothing. The
cause of its utility for this purpose lies in the very
short time between cycles. With full-wave 60-
cycle rectification the choke is called upon to fill
in & valley of only 1/120 second. Then the watts
delivered, if assumed uniform, would be 1.0 X 120
= 120. This sounds more like something useful.
The watts dissipated in the resistance load will
be: volts X amperes = 316 watts. So the energy
furnished by the choke is a very appreciable part
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Consider the energy storage
conditions. Inductances store

FOLDED SINE WAVE
FROM RECTIFIER

RESIOUAL RIPPLE
Double Freguency

SMOOTHING
CIRCUIT

FIG. 3— GRAPHICAL REPRESENTATION OF FOLDED SINE WAVE
SMOOTHED BY FILTER CIRCUIT
Fullwave single-phase operation with 2 Type ’66 tubes r. m. s. volts = 0,707

energy in the form of a magnetic
field and their energy is thus as-

sociated with current. Condens-
ers store energy in the form of
electrostatic field, or charge, and thus their energy
is associated with voltage. The actual energy is
given by the following expressions:

e
Inductance: Energy = L‘f watt-seconds (joules).

T 72 s e 5
Capacity: Energy = L‘; watt-seconds (joules).

Resistance: Fnergy dissipation =128 watts
or, to match storage form, = IR X { watt-
seconds.

Where

L =inductance in henrys, € =capacity in
farads, V = potential in volts, I = current
in amperes, ¢ = time in seconds.

Inductance or capacity therefore can be con-
sidered much in the light of a storage battery,
usually rated in ampere-hours; but since the bat-
tery voltage is substantially constant, this is also
watt-hours. (This is the same unit by which bills
are paid to the electric illuminating companies,
and so should not be unfamiliar to most of us.)
To get an idea of the size and energy involved,

max. volts; ave. volts = (0,636 max. volts; r. m. s. volts = 1.11 ave. volts.

of the total energy required. If we associate with
the choke a condenser of 2 pfd., this will algo store
1 watt-second at 1000 volts; and with such a
condenser at each end of the choke there results a
total energy storage of 360 watts, just about the
same ag the energy dissipated.

Generalizing from this, we may say that,
roughly, when the cnergy stored in the filler ele-
ments i3 equal to the energy dissipaled in the load
we have fairly good smoothing.

It usually works out, in cases like this, that if
the energy stored in the two kinds of storage
elements is equal, then the total material required
will be economically utilized. To see what hap-
pens we will equate the two storage expressions

Lre Cve

and V2= J2R2,

We also know that I = I,;, g0 V2= [2R2,

bubstltutmg this above;
Le crr

2 2

or L = (K2,
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This gives the relation between L and C as

1t is interesting that this is the same relation
arrived at by the telephone company method of
calculation for giving minimum reflections in the
pass band, and is what is called the characteristic
impedance of the filter.

A filter section made up in this way, with no
first choke, gave the following results:

Load voltage, d.c. 360
Load eurrent, ma. 300
Load resistance, ohms 2870
Ripple, volts 16.
“ o of d.e. output 1.9
Inductance 15  henrys
Storage 0,7 watt-seconds
Condenser, 2 pfd. each end,
total 4.0 pfd.
Storage 1.5 watt-seconds

Total storage
Total dissipation per eycle

2.3 watt-seconds
2.15 watt-seconds

Ratio of resistance to \//'_Ii, 1.5
¢

(a) m —— %L /\\f\

APPLIED WAVE

LMOOTHING

FIG. 4—(A) FOLDED SINE WAVE APPLIED TO
RESISTANCE LOAD

with no smoothing gives ripple which is duplicate of im-

pressed wave, (b) Folded sine wave through filter gives

reduced ripple; almost entirely fundamental, of double

LOAD RIPPLE

frequency. Ratio of ripple (a) to vipple (b) is attenuation
ratio of filter. Attenuation in decibels is
Ripple (a)
20 logio Rippie ()

It is rather complicated to calculate the actual
smoothing to be expected by this method, but the
principles involved are well illustrated. Three
definite factors result, which frequently are over-
looked:

1. 8moothing by inductance results from the
value of stored energy, depending upon the
inductance and square of the current. This
in turn determines the size of the choke,
just as the watts output determines the size
of a transformer. Thus chokes of 20 henrys
at 316 ma., 2 henrys at 1 ampere, and 0.02
henrys at 10 amperes will each store the
same amount of energy, will each be of the
same approximate size and weight, and will
each contribute about the same amount of
smoothing to the output.

2. Smoothing by capacity depends upon the
stored energy resulting from the capacity in
ufd. and the square of the voltage. Thus a
2 ufd. condenser at 1000 volts and a 4000
ufd. condenser at 22.5 volts will store the
same energy and contribute about the same
amount to smoothing. The so-called dry
electrolytic condensers of the latter type are
in general about the same in size, weight and
cost, as the 1000-volt 2-uid. condenser.

3. The distribution of energy storage between
the inductance and capacity should be
approximately adjusted so that the square
root of the ratio of henrys to farads is equal
to the load resistance. Very close adjust-
ment is not necessary, and it may be that
the combination giving the least stored
energy for given smoothing will not be the
cheapest combination; so, fortunately, a
good deal of leeway is allowable.

PREDICTION OF RIPPLE

The third viewpoint mentioned above, that of
considering the filter as an added impedance,
gives the best results for calculation. The ripple
with and without the filter is compared, and the
reduction of ripple is considered as the attenua-
tion of the filter. In Fig. 4a is shown a folded sine
wave applied directly to & resistance load. The
ripple across the resistance obviously will be the
same as the output of the filter. The filter, of any
type, is now introduced as in Fig. 4b and reduces
the ripple. Thus we can introduce & factor called
the “overall impedance’” of filter and load,
designated by Z,. This is the impedance which
will determine the alternating current in the load
when any alternating voltage is impressed upon
the front end of the filter. As the load is practi-
cally a pure resistance, the voltage ripple will be
proportional to the current times the resistance.
The improvement due to the filter will then be
the ratio of the load resistance to the overall im-
pedance. After a number of approximations, the
formula reduces to the following simple forms:

For a first choke followed by a single section
filter, as is customary practice, the impedance is

Ty WL RN
4
R.m.s. volts ripple across load = %‘%ﬁfﬁ =
r
HEXE X043 X4 172 E

which simplifies to

r.m.8. volts ripple.
For 120 cycles, where wt=(754)1=32.5 x 1010,
volts ripple = 5.3 X —E«

Where: R=load res., ohms; w=2xf; f=fre-
quency, cyeles; Ly=1st choke, henrys; L;= 2nd
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choke, henrys; ('=total capacity, farads; E=
transformer volts per side, r.m.s, value; atten-

uation ratio =§' db; attenuation = 20 IOgm%-
In the tests given, L was always 12 henrys, so
this will simplify still further to

volts ripple = 0.445 C being pfds.

L’
It is convenient to express the filter effect in
various ways:

1. R.m.s. volts ripple gives the actual ripple in
the output.

2. The attenuation ratio of R/Z, gives the re-
duction of any impressed voltage at the
beginning of the filter in a straight ratio.

3. The % ripple in terms of cutput voltage is
convenient for comparing filters operating
on different voltages. This will, of course, be
the actual voltage ripple divided by the d.c.
output voltage of the r.a.c. system.

4, Twenty times the common logarithm of the

ratio % gives the attenuation of the filter

in d.b., which is convenient in dealing with
radio problems where d.b. gain after the
filter is to be considered.

The d.b. attenuation, while more difficult
to visualize, has some other advantages! In
considering the amount of ripple desirable it
will be found that the amount of material, and
in general its cost, will be a substantially con-
stant amount per d.b. This is useful in consider-
ing the economics of a whole system, and filters
can be manufactured “by the yard,” as it were,
depending upon the perfection of desired results.
Another simplifying feature is that units such as
the d.b. can be added directly. Suppose, for
example, that the output of a low power modula-
tor is to be amplified by 50 d.b. and that the
allowable ripple in the transmitting tube voltage
has been found to be about 10 volts. If the modu-
lator is to operate on 200 volts, how good must be
the filtering of the plate supply? Now 200 volts
d.c. at the filter terminals would mean about 250
volts per branch on the plate supply transformer
and 43% of this will be the fundamental ripple
applied to the filter, or 107 volts. Only about 109
of this must be allowed to get to the transmitter.
The d.b. for a voltage ratio of 10 is 20. The filter
must, therefore, have an attenuation of 20 d.b.
more than the following amplifieation, or 70 d.b.
The filter attenuation in these terms is given by:

d.b. attenuation =20 logmét .
R
Or, simplified for the test conditions, d.b. at-

tenuation = 20log; 0.0810:L:C% and if L; =12
henrys, d.b. attenuation = 20log, 0.97L,C2.

The appruximate formulas hold for most con-
ditions giving satisfactory filtering, say 20%
ripple or better. The requirements are that all
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(b) Attenuation for various values of energy storage,
variable inductance.

circuits must be fairly far from resonance, which
are satisfied if w?LC is large compared to 1, say
at least 4 or 5. Considering the simplest formula
with the firgt choke of definite size, several pre-
dictions as to performance are observed.

1. The smoothing is independent of the load
registance. At first glance this seems to be
wrong, since practice shows that the ripple
decreases for less load, i.e., for greater load
resistance. The explanation lies in the fact
that what really happens is an increase in
the inductance of the chokes due to a smaller
direct current, If the proper values of induc-
tance are used in the formula, the proper
results will be obtained.

. "The total inductance and eapacity produces
smoothing, and first and second sections may
have different values with the same results.
This is only true to a limited extent, purtly
hecause of the approximations involved.
If the first and second choke are very differ-
ent in size, better results will be obtained
with the smaller choke in the first section.
The best smoothing is obtained with the two
condensers of equal value, but. one may be
twice the other in capacity without material
difference.

2]
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3. The smoothing improves inversely with the
square of the fotal capacity used. This is
because the added capacity irproves
smoothing in both the first and second sec-
tions, the attenuation being the product of
the. values for each section.

4. The smoothing improves inversely as the
first power of the second inductance. This
is because the first inductance is assumed
fixed. If both chokes were increased to-
gether, the inductance would appear squared
as well ag the capacity. As the first choke is
determined from other criteria, and as ex-
cellent smoothing is obtained without re-
quiring larger values, the best interests of
design appear to be served by keeping it at
a constant value. However, the formula
sbould not be interpreted to mean that
capacity is better than inductance for
smoothing.
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FIG. 6 —(A) VOLTAGE RIPPLE FOR VARIOUS
VALUES OF CAPACITY, DATA FROM TABLE IV

{b) Attenuation for Various Values of Energy Storage,
vuriable capacity.

5. The voltage ripple varies directly with the
impressed volts. This is, of course, to be
expected. The attenuation of the ripple is
independent of voltage; therefore actual
ripple in volts will vary with the initial
amount upon which the attenuation oper-
ates.

The following tables show comparisons of
experimental and caleulated results for filters
of this type, the above formulas being used.
The results are plotted graphically in Fig. 5.
The correspondence between test and calculations

is unexpectedly good in most cases. 1t gives the
proper magnitude in all cases; which, after all,
is the designer's chief aim. Small differences in
actual ripple disappear completely when com-
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FIG, 7—~FILTER ATTENUATION WITH DIFFER-
ENT NUMBERS OF SECTIONS FOR VARIOUS
VALUES OF ENERGY STORAGE
Data from Tuble V

pared with the wide range of decibels used in
the radio art.

MULTI-SECTION FILTERS

Filters consisting of a first choke followed by a
single section give entirely adequate smoothing
for the majority of amateur needs. When ex-
ceptional ripple attenuation is desired, however,
the addition of further sections often may be
preferable to adding to the size of units in the
more standard type. In other words, if the units
are so large that the resonance points are very
far below the operating frequencies, more at-
tenuation will be obtained by adding sections
of smaller units, even though the resonance
points are raised. A rough and ready rule for
the best number of sections is given by the fol-
lowing formula:

Where I is total inductance, excluding the first
choke, in henrys, ¢ is total capacity in farads,
w? ig (2nf )2=0.57 »10¢ for 120 cycles.

As this formula involves some very rough as-
sumptions and disregards losses in the filters, it
usually gives slightly too many sections; but it
does serve as a guide ag to whether or not it would
be advisable to break up the filter into more
sections.

DISCUSSION OF TEST RESULTS, TABLE IO
CORVES OF FIG. §

‘The tests covered by all the tables were carried

out as described above following the circuit of

Fig. 2. The first columns cover the values of L

AND
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TABLE I11
SmooTEING WiTH CoNsTANT CAPACITY AND VARIABLE INDUCTANCE

In =12 henrys Ci=Ce=2 & 4 pufd.
I =variable R =2870 ohms
Volts Ripple Attenuation
L ¢y e Meas. Cale. Zy Ratio D.B. % Ripple
'1‘ a 7.5 2 2 3.8 3.85 336 X10° 855 X103 21.2 0.44 3.7
b 15.0 2 2 1.9 1.92 672 427 27.2 0,22 4.0
e 30.0 2 2 0.8 0.95 1.34 .214 33.4 0,09 4.6
d, 45.0 2 2 0.6 0.64 2.02 . 142 36.8 0.07 5.8
2. 8 15.0 4 4 0.45 0.48 2.68 X108 107 39.4 0.052 6.2
b 50.0 4 4 0.24 .24 5.36 .535 45.5 0.028 6.8
e 45.0 $ 4 0.17 .16 &.04 L4867 49.0 0.020 7.5
TABLE IV
BmMooTHING WITH CONSTANT INDUCTANCE AND VARIABLE CAPACITY
Li=12 henrys 'y & Ce variable
. L2 =15—~30—45 henrys R =2870 ohms -
Ix G (: ToalC Volts  Ripple 2 Ad, o LI+OV
h ufd.  ufd. pfd. Meas. Cale, Ohme Ratio 0.B. Ripple
1. a. 15 1 1 2 7.0 7.4 .168 X108 17.2%1073 15. 4 (.81
2. a. 15 i 2 3 3.5 \ 3.3 L3478 7.6 22.8 0.41
b. 15 2 1 3 3.5 0.41
3. a. 15 4 2 4 1.9 1.8 672 4.3 27.2 0.22 3.4
4. a. 15 @ 4 8 0.711 0.82 1.51 1.9 34.6 0,095 4.5
b. 15 4 2 6  0.71] 0.095
5. 2. 15 4 4 8 0.45 (.45 2.69 1.1 39.4 0,052 5.8
6. a. 30 2 1 é 1‘45} 1.71 .75 X108 3.8 X103 28.4 0.170 3.6
b. 30 1 2 3 1.45 0.170
7. 8. 30 2 2 4 .80 0.95 1.33 2.16 83.4 0.093 4.1
& u. 30 4 4 8 0.24 0.23 5.82 0.54 45.4 0.028 6.3
9, a. 45 2 2 4 0.60 0.84 2,01 X108 1.43 X103 36.8 0.07 4.8
10. a. 45 2 4 6  0.35) 0.041
b. 45 4 2 8 .30 0.29 4.53 0.63 44.0 0.035 5.9
e. 45 3 3 [ 0,27 0.031
11. a. 45 2 6 8 0.21 0.024
b. 45 [ 2 8 (].221‘ 0.16 8.05 0.38 49.0 0.026 7.0
[ 45 4 4 8 0.17 0.020
12, a. 45 2 10 12 0.112) 0.013
b, 45 4 8 12 O.UGSJ 0.071  18.10 0.16 56.0 (. 008 9.1
[ 45 ) 6 12 0.061 G.007
TABLE V
COMPARISON OF SINGLE AND MyurTI-SECTION FILTERS
Ty =12 henrys 1 —Co, ete., us given
ls—Las, ete., us given R =2700 to 2900 ohme
Atten.,
PTotal Volts Ripple Zr Ratio LA
No. L & C Distribution L Distribution ¢ Meas. Cale. X105 X} 1078 DB, Ripple
1. EN 26h. 26 2-2 0.80 1.10 1.61 1.78 55.0 .093 ]
b. 4 pid. 13-13 1-1-2 .85 1.50 1.51 1.89 54.4 L099 o371
e, n=1.9% 65-6.5-6.51 1-1-1-1 1.63 16.40 0.79 3.62 43,8 .190 J
2. a. 30h. 30 22 0.80 0.95 1.61 178 55.0 .93 } 5.89
b. 4 pid. 15-15 1-1-2 0.80 1.06 1.61 1.78 55.0 093 o
n=2,1
3. & 30h. 30 4-4 .24 0.24 5.3 .H35 65.4 028 | 5.89
b. 8 pfd. 15-15 2-2-4 0.11 0.11 12,0 245 72.2 o1 ) 0T
n=32.9
4. a. 45h. 45 3-3 0.350 0.285 3.7 .780 62.0 041
b. 6 ufd. 30-15 2-1-8 0.144 0.112 9.0 .320 69.8 017 i» 5.66
[ n=3.1 15-15-15 2-1-1-2 0.380 0.014 3.4 850 61.4 .44
5. A 45h. 45 44 0.165 0.160 7.8 370 68.6 019 1
b, 6 pfd. 15-30 2-2-4 0.048 0.044 27.0 107 79.4 008 l 8.56
e, n=3.6 30-15 2-2-4 0.051 0.044 25.3 114 8.8 008 ‘ )
d. 15-15-15 2-2-2-2 0.098 0.018 13.2 218 69.2 011}
8. a. 45h. 45 6-6 0.061 0.071 21.1 L1385 7.4 007 )
b, 12 pfd. 30-15 444 0.021 0.013 81.4 047 86.6 .025 l
[ n=4.4 15-30 4-4-4 0.022 0.013 58.8 049 86.2 L025 8,56
d. 15-15~15 2-2-4-4 0,020 0,008 684.5 045 87.0 .023 }
e, 15-15-15 2-2-2-8 0.041 0.008 31.4 .091 80.8 48
o 1 6.5 henrys added to L1 to avoid resonance.
*“Best" number of sections from: n = / ol ot
\ 16 b4 Le ey includes 12 henrys for first choke.
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and (' used. The calculated ripple comes out
almost exactly the same ag the measured value.
The percent ripple is obtained by dividing the
observed value by the terminal voltage of 860.
The extreme right-hand column gives the total
size of filter units in terms of watt-seconds
storage. Plotting the observed values of ripple
and size of second choke in Fig. 53 shows the
relation between the two. This curve can be used
directly to obtain the desired sizes of choke and
condenser within its range for any voltage oper-
ating into the same load resistance, since the
ripple is calculated for almost exactly 1000 volts
per transformer side. Any other voltage would
produce proportional ripple. Furthermore, the
results can be used roughly for other values of
resistance load, since only very wide departures
from test conditions change the ripple, provided
that the irue inductance 1is known for the current
resulling from the proposed voltage and resistance.

Curves in Fig. 5b are more interesting from an
engineering standpoint, but are more difficult
to visualize and require calculation for use. The
d.b. attenuation is plotted against the total energy
storage of the filter system. It will be noted that
for each value of capacity, changes in inductance
make two curves. The line A-B is drawn tangent
to these two curves. Some other value, say 3 ufd.
in each leg, would give another eurve lying be-
tween the two plotted and tangent to the line A-B
at some intermediate point, such as 6 watt~
seconds. Therefore it is evident that for each
value of shunt capactly there is some value of in-
ductance that will give move altenuation than any.
other wvalue. Taking the two tangent points in
Fig. 5b and interpolating constants, we find

that these correspond to a value of \/ , sub-

/¢
stantially equal to the load resistance. This con-
forms to the condition of equal energy storage in
chokes and condensers discussed above and the
desirability of this relation is thus shown em-
pirically by the tests.

DISCUSSION OF TEST RESULTS, TABLE IV AND
CURVES OF FIG. 6

These tests were very similar to those covered
under Table III except that the inductance was
held constant and the capacity varied. Three
values of inductance were used. In each group
the distribution of the condensers was varied
and it will be seen that little or no change in
ripple resulted. For other reasons, best operation
usually will be obtained with the larger condenser
in the last position. For example, in group 11,
a, b and ¢, the 8-ufd. condenser wag split up with
2-6, 6-2 and 4-4 pfd. Very little difference in
ripple was observed for the three combinations.
Even distribution of capacity gives slightly the
better results, and the value checking closest

with the calculated value. As filter design calls
for uniform distribution of condensers in the
formulas used, this is of course to be expected.
The greatest difference due to non-uniform dis-
tribution occurs in group 12, line o, where 12 pfd.
distributed as 2-10 gives almost double the ripple
obtained with equal capacity in each leg. With
this amount of energy storage, however, the ripple
is so small that either one would be very satis-
factory for almost any power supply which did
not have great, subsequent amplification.

The curves of Fig. 6a are plotted in similar
manner to those of Fig. 5a and are self-evident.
The same remarks hold as to their availability
for interpreting filters used with other power
combinations. The curves of Fig. 6b show the
same type of curvature as before, although it is
not so pronounced. The line A-B was drawn as
before and, estimating points of tangency, we
find that the best filter combinations for maxi-
mum attenuation with minimum material occur

when v’% is close to the value of the load re-

gistance. This point is not very critical and
considerations of cost might result in some other
combination being cheaper or lighter. Therefore
starting with the inductance-capacity ratio as a
first criterion, the particular point it is desired to
emphagize can be studied. If energy storage is
greater than 4 or 5 watt-seconds it is probably
better to go to a multi-section filter anyway.

The caleulation of voltage ripple for multi-
section filters becomes more difficult, the ap-
proximate formula being given below. Small
errors in the values of inductance are greatly
multiplied by the term raised to the power of
the number of sections. For example if: w*LC
is about 4, subtracting 2 from it and then cubing,
for a three section filter, obviously will give a
result very wide of the mark unless the constants
are very closely known. Therefore such calcula-
tions will give only the magnitude of results, but
are useful as guides. More accurate calculation
can be obtained with more detailed formulas
and by taking into account the losses in the filter
circuit; but this becomes rather involved and
much too complicated to consider here.

The formula for calculating Z, is

2
2, =BLC (0 -2,

The terms are to be evaluated as follows:

w?=(2nf)? or 0.57 X 10% for 120 cycles.

R is the load resistance in ohms.

Ly is the inductance of the first choke in henrys
(12 henrys).

¢ is the capacity per section, which is taken as
the total capacity divided by (n+1) when
not equally distributed.

(Continued on page 88)
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QST Oscillating Crystals

“Superior by Comparison”
New Price List Effective Immediately
New prices for gnndmg power crystals in the various

frequency bands, said crystals ground to an accuracy of
plus or minus .03% mounted:—

i Frequency range) New list

100 to 1500 Kc. $40.00
1501 to 3000 Ke. $45,00
3001 to 4000 Kc. $50.00

4001 to 6000 Kec. $60.00

Above prices include holder of our Standard design.
If erystal is wanted unmounted deduct $5.00 from the
above prices. Deliveries can be made within two days
after receipt of order. In ordering please specify type
tube, plate voltage and operating temperature. Special
prices will be quoted in quantities of ten or more.

POWER CRYSTALS FOR AMATEUR USE

The prices below are for grinding a crystal to a fre-
quency selected by us unmounted (if wanted mounted
add $5.00 to the price list) with a calibrationaccurate to
BETTER than a tenth of one per cent. Immediate
shiipments can be made and all crystals guaranteed.

1715 to 2000 K¢, band $12.00 each
3500 to 4000 Kc. band $15.00 each

LOW FREQUENCY STANDARD CRYSTALS

We have stock available for crystals as low as 13 Kec.
Prices upon receipt of specifications.

SCIENTIFIC RADIO SERVICE

124 Jackson Ave., University Park
HYATTSVILLE, MD.
=4#Crystal specialists since 1925

Hi!Omif it’s a Transmitting
Product we have it

We ulways have the merchandise that we advertise in stock
to insure immediate shipment. We can supply standard parts
such as Amertran, Thordarson, Weston, Jewell, Cardwell, ctc.
at prices which only ‘R.aysol can offer, ag we are buymg

merchandise in large quantities for export shipments.
HERE ARE SOME OF THE REAL RAYSOIL VALUES

Lranskormers 700—(\—-70(],
ils t:appeds

AMERTRAN PF 250 Pwr.,
73V, windings, center tapped, 2235
primary. ldeal for 210 transrmtter List ui (J

AMERTRAN No. 81 Pwr, Trans. 550V. 7 ¥V.c.t.—- T4 V.
c.t., tapped primary 23V, cte v or v iive i oo n, k

I‘ODD Pwruslrans 750--0-750, 2~7KV. «

, 300 .
}()U—«()-%Uu Trans. with 3V. winding, socket mounted
on top of trans. for 280tube. . ... o i, 1.00
AMERTRAN No. 151 P.P, Input and No. 443 PP, Out-
put l'ransformers, Listed at $12.00 each 4
ZENITH P.P, Outout Transformerstor 2458 ... ... ..+ 35
Our filament transformers are made especially for 10,000V,
msulauon, All (‘enter lapged
TV, Gamps

4V, — 10amps.,
mv w7 AMPS . 3.00 hV — 1} amps

ACME 250 mils. 20 Henry Chokes . oo vreivann,uns .$2.50
THORDARSON 85 mils. 30 Henry chokes for 245s . .78
TODD 200 mils, 30 Henry chokes . -....ovuvnrn, 2.00
STROMBERG 2 Henry key click filter chokes . . 1.00
STROMBERG Double Chokes, 30 Henrys each 1.00

AEROVOX 1000V. Condenser Block contains 2 fi
1-3 mifd. cond. at 1000V. working, in neat

cond. and

WEtalCASE. L. i it ci e B 3.50
R.C.A, Tubes 50% off List Price
Heavy Duty 50 Watt sockets, doublecontacts. .. . ... .. 95
SPECIAL!

AMERTRAN POWER PACK #00-0-600V., 5V, o. 1.
-2V, ¢ t. at 10 amps,, ~ 234V, at 134 amps.,
Henry 150 mil, Chokes... ... oo cice i eiiiinanns 9.50

Raysol General Brokerage Company
110-A Chambers Street New York City

Est. 1921 Radjo Division Dep't R
Phone Barciay 78937

in getting certain of them condemned, and this it
is our intention to continue. This policy, which is
obviously radically different from that which
certain other European societies must follow,
may probably explain to some Union members
our absolute refusal to support illicit Norwegian
stations, forward cards, etc, We may in this

HHELL
KezP ol THE.
STRAGHT AN

WHILE EM AT

WHERL AN

E OAN LAY
To KT,

connection point out that the official list of calls
is published in each issue of the *Call Book,” and
although additions may oceur in the interval
beiween issues, this will in any case give a quite
good record of our licensed stations,

Our immediate expectations include the print-
ing of our “Bulletin,” as already mentioned; the
erection of a Headquarters transmitter; the
organization of an inland relay net encireling alt
the country; and the better codperation between
I.A.R.U. sections, especially in Europe. Regard-
ing Madrid, we are keeping careful watch on the
position of our own Government officials, we are
hopeful as regards the rest, and we expect great
things from our untiring Union Secretary, Mr.
Warner.

The Economical Design of Smoothing Filters
(Continued from page 40)

Ly i8 the inductance per section after the first
choke, and is taken as the average value if
the various chokes are not identical.
is the number of sections, counted for the
groups after the tirst choke. Thus two chokes
and two condensers in the usual arrange-
ment are counted as one section, another
choke and condenser added on are two
sections, ete.

P

=

The results of various eombinations are tabu-
lated in Table V and plotted graphically in
Figure 7. The various caleulated values can all
be obtained from the value of Z, as for single
sections.

DISCUSSION OF TEST RESULTS, TABLE V AND
CURVES OF FIG. 7

Table V shows the results of a large number of
combinations of inductance and capacity in vari-
ous numbers of sections. In each group the total
inductance and capacity is held constant and its
distribution varied. These combinations are
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