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SOUND SYSTEM 

IMPROVEMENT 
ANUMBER of years' experience 

building maximum- fidelity am- 
plifiers and sound systems have 
led to the formulation of a set 

of rules, which, if followed, will enable 
the listener to realize the best from any 
sound system. 

First and foremost, the psychological 
factor must be considered. People are 
definitely different in their tastes and 
desires, and these desires change with 
the type of program they are listening 
to. Your amplifier should be equipped 
with some means of varying its re- 
sponse curve, preferably with independ- 
ent treble and bass controls. 

It is often stated (and rightly so, if 
the statement is qualified) that a flat 
amplifier is ideal. If we had a flat micro- 
phone, a flat amplifier and a flat speaker, 
located in a perfect acoustic chamber, 
and if the speaker output were exactly 
as loud as the sound source, the system 
would indeed be ideal. 

Even with this theoretically perfect 
sound system, if we turned the volume 
down to one -half the loudness of the 
sound source, it would no longer sound 
like the original, because we have intro- 
duced a new variable, our ears. The hu- 
man ear's response curve varies with 
loudness. The lower the volume the less 
ability there is to hear very low and 
very high frequencies. 

Room acoustics have a profound ef- 
fect on the ultimate sound of a system, 
and as there are few ideal rooms out- 
side of broadcasting stations or labora- 
tories, this is another item to be reck- 
oned with. In addition to these things, 
few pickups, speakers and microphones 
are flat. 

FREQUENCY RESPONSE 
Now that we have an idea of what 

we have to contend with, let's get down 
to cases. Though the frequency re- 
sponse of a system is important, the 
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Excellent re- 
production of 
recorded ut 
sic depends on 
three factors: 
compensation 
for recording 

ractcris- 
Iics, u good 
amplifier. with special attention Io the 
output transformer-and a speaker and 
baffle system which turns the output 
to sound wills u minimum of distortion 

most disturbing element in any system 
is distortion. This will be more apparent 
at the higher frequencies, so we limit the 
frequency response of the system till it 
is just sufficient to reproduce the mate- 
rial on hand. There is no advantage in 
using a system flat from 20 to 20,000 
cycles to reproduce a shellac pressing. 
The high frequency noise and distortion 
would be unbearable. Neither could we 
use an inexpensive phono motor with 
this wide -range system without the 
rumble in the motor being very appar- 
ent. So- called permanent needles when 
worn cause a particularly annoying 
type of distortion, in addition to caus- 
ing permanent damage to the records. 

The response of an AM receiver need 
not be any wider than 40 to 5000 cycles 
for the average station when broadcast- 
ing network programs, and 30 to 9500 
cycles is entirely satisfactory for the 

best AM stations 
when broadcasting - DB ow 
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characteristics produce fla output. 

local programs. 
Limiting the re- 
sponse to 9500 cy- 
cles is to suppress 
any 10 -kc beats 
between other sta- 
tions located 10 kc 
apart. For FM re- 
ception or tran- 
scription reproduc- 
tion we can go the 
limit and provide 

response from 30 
to 15,000 cycles, for 

The speaker cabinet. 
Position and compar- 
ative sizes of vent 
and speaker hole are 
clearly shown here. 

only in these sources is the distortion 
low enough or the range wide enough 
to warrant this wide range. 

In the reprodüìction of any record we 
must take into account the various re- 
cording characteristics and compensate 
the pickup accordingly. Standard shel- 
lac phonograph 'records are recorded 
with a "modified" velocity character- 
istic. Amplitude of the cutting stylus 
is held constant from the lower fre- 
quency limit to between three and eight 
hundred cycles, and modified constant - 
velocity above this crossover frequency 
provides a five to ten decibel boost at 
8000 cycles. See Fig. 1. 

This is done for the following rea- 
sons: 

1. Due to widespread use of crystal 
type pickups, the manufacturers of rec- 
ords insert a high frequency boost to 
reduce the compensation necessary to 
flatten the playback equipment's re- 
sponse. This boost effects a consid- 
erable improvement in signal to noise 

- ratio. 
2. A large majority of the users of 

shellac pressings have equipment with 
serious attenuation of the higher fre- 
quencies ,and no means for the com- 
pensation thereof. As the figure shows, 
there is a falling -off at the low -fre- 
quency end of the audio spectrum. If the 
low frequency amplitude were not re- 
stricted, either overcutting would re- 
sult or the level of the high frequencies 
would be below the noise level. 
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PICKUP CHARACTERISTICS 

If constant velocity records (without 
treble boost) are played back with a 
magnetic pickup the output will be flat 
with decreasing frequency down to the 
crossover frequency where constant am- 
plitude begins. Since the magnetic pick- 
up requires successively greater stylus 
motion at the low frequencies to main- 
tain its output flat, and since the am- 
plitude is held constant below the cross- 
over frequency (300 to 800 cycles) 
we must provide an equalizer to com- 
pensate for this condition. Since prac- 
tically all commercial records made in 
the last six or seven years have a treble 
boost, the magnetic pickup must be 
further compensated to reduce its high 
frequency response. Otherwise response 
from commercial records will be ex- 
cessively brilliant. Fig. 2 shows the 

DYNAMIC PICKUP 50K 

P-501111 _ 100Ka 

MAGNETIC PICKUP 50K 

25K ± 500K 

703 
¡C r AMPL 

25K 

705 TOAMPL 

Fig. 2 -Two suggested equalization circuits. 

usual method of equalization. Constants 
are approximate and depend on the pick- 
up and transformer, as well as the re- 
cording characteristic of the records be- 
ing played. Condenser C is for treble 
attenuation. Its value may be anywhere 
from .002 to .02 µf, depending on the 
pickup and transformer. 

A crystal pickup has a constant am- 
plitude characteristic. Its output voltage 
is a direct function of stylus motion in- 
dependent of frequency up to its high - 
frequency cutoff point. For constant 
velocity recording (without treble 
boost) above the crossover frequency 
we would have to compensate for the 
decrease in stylus amplitude with fre- 
quency. This is in.the order of six db 
per octave above the crossover fre- 

%TAL PICKUP 2MEG 

1 
C 500K 

Fig. 3- Equalizer circuit for crystal pickup. 

quency. To compensate the pickup for 
this would require considerable boost 
at 7000 cycles. However, commercial 
records insert treble boost at a rate of 
from two to about five db per octave 
above the crossover frequency, depend- 
ing onthe record. Thus for some rec- 
ords no high- frequency equalization is 
required and for others only a small 
amount. The customary method of com- 
pensating crystal pickups for commer- 
cial records is shown in Fig. 3. Reduc- 
ing the value of C will reduce the 
amount of treble boost. For maximum 
boost C should be about .002 pf. When 
playing' records having considerable 
treble boost, C should be reduced in 
value to as low as 50 µµf. Tran- 
scriptions are recorded with more in- Fig. 4 -Three self -balancing phase inverters. 
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volved response characteristics (gen- 
erally they have considerably more 
treble boost than records) and the man- 
ufacturer of the pickup should be con- 
sulted for information on equalizers for 
Orthacoustic, NAB Standard, Colum- 
bia or other transcription character- 
istics. 

THE AMPLIFIER 

Now that we have a suitable flat 
source of music we wish to amplify it 
with as low distortion as possible. The 
easiest way to do so is to build a 
straightforward amplifier using triode 
tubes throughout. We can choose be- 
tween 6A3, 6B4, 2A3, 45 for the output 
stage. These tubes should be arranged 
in push -pull, as the attendant cancella- 
tion of second harmonic distortion and 
supply -voltage hum is worthwhile, and 
reduces the first filter section require- 
ments. Of course, beam tubes (6L6- 
6V6) can be used with feedback. 

The most important purchase in con- 
nection with this amplifier is a good 
output transformer. It will make more 
difference than any other component. 
An output transformer may have a 
power rating of ten watts. This is some- 
what deceptive as it is usually meas- 
ured at some middle frequency, usually 
400 or 1000 cycles. The same transform- 
er may only be capable of transferring 
four watts at 30, and six watts at 12,- 
000 cycles. This is a serious drawback 
particularly when we wish to boost the 
high and low frequencies. High -quality 
units are relatively inexpensive in com- 
parison to the results they will produce. 
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Photo B- Inside view of the speaker cabinet, 

A high -quality output transformer for 
a 15 -watt 6B4 amplifier can be obtained 
for $15.00 or so. 

An input transformer need not be 
used if class -A operation is desired, as 
a phase inverter is adequate. Fig. 4 
shows several inverters which are de- 
generative and consequently self -bal- 
ancing and of the low- distortion type. 
If class AB or AB, operation to obtain 
maximum power output is desired, an 
input transformer is needed to keep the 
resistance in the grid circuits of these 
tubes low in the case of a small amount 
of grid current being drawn. 

Fixed bias is desirable as it allows 
greater power output with lower distor- 
tion. Fig. 5 shows a simple way to ob- 
tain it when your power transformer 
does not have a bias tap. A separate 
transformer winding is required. The 
rectifier may be a triode similar to those 
in the amplifier. 

If you use an input transformer it is 
wise in the case of an inexpensive unit 
And essential for a high quality unit, 
to shunt feed the primary from the 
driver tube. This does not hold for push - 
pull drivers, astheir d.c. plate current 
balances out in the output transformer. 

Be sure to bypass all cathodes with 
large enough condensers to eliminate de- 
generation at low frequencies. It is wise 
to decouple every stage, both in the in- 
terest of low hum level and to eliminate 
the possibility of motor boating or un- 
wanted interstage coupling. i 

One should, of course, use as good a 
speaker as possible and it should be 
baffled efficiently. 

A bass reflex baffle offers many ad- 
vantages, among which are improved 
bass response, higher sensitivity and 
cleaner high- frequency response. The 
distortion at low frequencies may be 
reduced greatly over the conventional 
opep -back enclosure. 

When a speaker is placed in an en- 
(Continued on page 52) 
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NOW.. 
A complete line of 

HAUTE 
RESISTORS 

LITTLE DEVIL 
Insulated 

Composition Resistors 

1,1, 
and 2 Watts 

A new Ohmite re- 
sistor. Tolerance 
10 %. Resistance and 
wattage marked on 
every unit. Available 
only from Ohmite 

Distributors. 

.Vitreous Enameled Resistors 

10 and 20 Walla 
A favorite with radio 
servicemen. Toler- 
ance ±10%. Hard 
vitreous surface pro- 
tects the wire from 
mechanical damage. 
Uniform winding 
prevents "hot spots 

Adjustable Vitreous Enameled 
Resistors 

10 to 200 Watts 
ifs a narrow strip of exposed wire 
along one side to provide a contact 
surface for the adjustable lugs. Ideal 
for quickly securing odd values of 
resistance. Sturdy ... dependable. 

Send for Catalog No. 111 and new 
Bulletin 127, for full information about 
these and other Ohmite resistors. 

OHMITE MANUFACTURING CO. 
4$96 Flournoy Si., Chicago 44, U.S.A. 
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SOUND SYSTEM IMPROVEMENT 
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closure of this type, the back wave of 
the speaker is added in phase with the 
front wave through the port in the 
cabinet, which adds to the acoustic pow- 
er obtainable at low frequencies. As a 
matter of fact, the radiation from the 
port exceeds the radiation from the cone 
at very low frequencies. This increases 
the low- frequency response, extending 
it approximately an octave lower, while 
at the same time more heavily damping 
the frequencies above this point. This 
tends to smooth out the response from 
the lower limit up. 

Damping material is placed in the 
baffle behind the speaker to absorb the 
back wave. If this were not done, it 
would reflect from 
the back and cancel 
some of the higher 
frequencies emerg- 
ing from the cone. 
This would give 
rise to very uneven 
high- frequency re- 
sponse. The over- 
all effect is an 
enormous improve- 
ment in the bass 
and a clean high frequency response. 

The baffle in Photos A and B was 
built for an 18 -inch speaker, but this 
type of baffle works its wonders on any 
size speaker. Fig. 6 gives the dimensions 
for all standard size speakers. The en- 
closure should match your individual 
speaker. The dimensions given are ap- 
proximate and there are two ways to 
vary the box's resonant frequency. 

The easiest method is to vary the 
port size by placing a book over part 
of it while feeding several volts of 60- 
cycle a.c. into the speaker voice coil from 
a filament transformer. When the 

F- 
5Y3 

proper size is arrived at, a piece of 
wood may be screwed over part of the 
port inside the box. The right position 
is where the greatest amplitude appears 
at 60 cycles. 

The more difficult method is to move 
the back of the baffle in or out of the 
box until the desired result is obtained. 
For the 15 and 18 -inch speakers it 
would be desirable to use a 30 or 40- 
cycle source for adjusting the baffle. 
The source should be a high -quality 
audio oscillator, with low distortion. 

For AM or shellac pressing reproduc- 
tion, a single speaker with response up 
to 5000 or 7600 cycles will be adequate. 
For FM or transcription reproduction, 

I17 v AC 000 ) 

Fig. 5- Simple bias supply which works from the power transformer. 

better results can be obtained with a 
dual speaker system, with a small high - 
frequency speaker added to extend the 
range of the larger unit. Several co- 
axial units are available, ranging in 
price from $30 to over $250. 

Photo C shows a Jensen 18 -inch low 
frequency speaker, a 14 -inch speaker 
and a Jensen C3 tweeter. This com- 
bination is capable of reproducing the 
entire range from 30 to over 15,000 
cycles. 

The best place for a speaker in any 
room is in a corner facing the longest 
diagonal of the room. In this position 

Photo C-A combination of speakers to provide high fidelity from 30 to 15,000 cycles. 
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the enclosure is best able to match the 
room's acoustic impedance. Remember 
to place the speaker far enough from 
the turntable so acoustic feedback will 
not occur from mechanical coupling at 
low frequencies. 

Don't ruin records with worn needles. 
A regular steel needle will play one 
side of a 12 -inch disc and should not be 
used further, as it will develop a pro- 
nounced flat spot with a sharp cutting 
edge which will tear up the next record. 

DIMENSIONS BELOW IN INCHES 

S A B C D E P 0 R T 

6 24 18 11 7 3 1/2 AREA OF SPEAKER HOLE "D" 
10 28 22 12 9.5 3 
12 31 24 13 II 3.5 

.. 
" - " ' 

IS 34 26 14 13.5 4 9/16 " " " " - 
IB 40 27 14 16 4.5 5/8 " " " " ' 

N SHOW SPEAKER DIAMETERS 

Fig. 6- Correct dimensions of speaker baffle 
(The first column ' S" is diameter of speaker). 

It will also allow the pickup to chatter 
in the groove, giving rise to a particu- 
larly obnoxious type of distortion. 

It is a good investment to purchase 
a pickup with a built -in permanent 
stylus. The pressure on the record of 
these units is usually less than the 
replaceable -needle types. There is much 
less acoustical chatter, the hiss is lower 
and the sapphire stylus is kinder to 
your records. 

HAIRFELT OR 
6LASSWOOL 

BACK VIEW BACK 
Suggested placement of sound absorbing 

In the case of transcriptions, it, is 
necessary to use a light -weight pickup, 
preferably with Sapphire or diamond 
needles. The one greatest cause of sur- 
face noise on records is dust. They 
should be stored in dustless envelopes. 
If they get dusty, wash them in water. 
A dusting brush, which can be pur- 
chased in any record shop, is a good 
investment. 

HARRISON HAS IT! 

ALL STANDARD LINES! 

RADIO -CRAFT for NOVEMBER. 

RECEIVERS 
HALLICRAFTERS-HAMMARLUND- 

NATIONAL-CARDWELL-RME- 
COLLINS-PIERSON 

TRANSMITTERS 
TEMCO-HALLICRAFTERS- 

COLLINS- MECK -ABBOTT 

TEST EQUIPMENT 
SUPREME -TRIPLETT -WESTON- 

HICKOK- PRECISION -RCA- 
JACKSON-SIMPSON-GE- 

DUMONT- RCP -etc. 

AMPLIFIERS 
BOGEN-THORDARSON-MASCO- 

BE LL- EASTERN -W EBSTER -etc. 

PARTS 
All good makes -Harrison has it! 

Complete stock. 

More and more new models are 
NOW IN OUR STOCK for 

IMMEDIATE 
DELIVERY 

Get YOURS SOONER ! 
Send your order to Harrison, NOW! 

COAXIAL RELAY 
Constant S2 dim im- 
pedane. Throws an- 
tenna line from receiver 
to transmitter. Handles 
750 watts of RF. Has 
three connectors for 
PL -259 Plugs. 115 Volt 
AC colt )'rice Bra. 
m35ode0 l 7.35 9 

Name, with additional 
NC and' O contacts to 
con. tr 

51a1e l 6ol 

eceiver. ECO, etr351. 53.33 

HARRISON HAS IT! 

HARRISON SELECT SURPLUS 
Your assurance of good, usable, guar. 
anteed materials at sensationally low 
prices - TOP VALUE ALWAYS! 
Come in and browse through our large 
HSS Department. 

ROTARY COAXIAL 
COUPLING 

52 ohm constant Im- 
pedance slip ring coup- 
ling. Made for Signal 
Corps by Lapp. to feed 
rotary antenna. 
Head, I$" dia. ma- 
chined from brass. Clas- 
per feed line 4" dia. 
is 51" long. L'axial 
sockets at 
ea hend. H88 

COAXIAL CABLE 
HO -13/17. 52 Ohm Impedance. Flt for feeding beams. 
etc. Handles a KW with high sfaclencr. New, per- 
fect cables. 
110 -foot length with two 65 -foot length with one 
PL -259 oaxial plugs. plus. 

Total list arse List $22.59 Uri $4.98 H88 $ 3.45 
rat to afre in 
length ordered 

Typ. 1 

RG- B 
RG- 

I 

'U 
U 

13 
RG-39/U 
RG59/U 

one piece within -0% to +20% of 
. Full masure! 

mpedante 
52 Ohms 
75 Ohms 
74 Ohms 
73 Ohms 
55 Ohms 
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RECHARGEABLE POWER PACK 
One of the most sen- 
sational HSS values 
ever offered ! This 
modern, Navy accept- 
td pack will save 
space, weight. and 
money. Ideal for port- 
able transmitters. re- 
ceivers, test equip- 
ment, remote controls, 
etc. 
Only 3 Ib.. 10 oz., 
complete! 1%"x34¡n "x 
6%". Delivers - 135 
volts at 20 ma in con- 
tinuous Military duty 
or 80 ma. or more, in 
intermittent Amateur 
service: 671/J volta at 
5 to 8 ma; 1.6 fila- 
ment or 6.3 heater. 

bias and microphone voltages. 
NON -SPILL storage battery can be re- 
charged over and over for a penny or two. 
Brand new, with fully charged battery, and 
instructions. $5.50 Complete. ready to use 

SPARE BATTERY CHARGER 
BATTERY Noiseless. Selenium rectifier 

6 volt. typo. to trickle 
ha 

charge these or 
bat - Fully crred. any mxhrr small 

$2.00 ;0 Volt AC $2.97 

BC -40015 TUBE UHF RECEIVERS 
Been getting such FB reports from our cus- 
tomers about these swell Signal Corps Radar 
receivers that we just had to get more for 
you l 

Six acorn tube RF circuit, tuned to 205 mc: 
four IF stages: Thordarson heavy -duty 
power transformer delivering 850 volts at 
145 ma; four choke and oil condenser filters : 

115 volt, 60 -cycle operation: chassis 10'11'x 
25%" in metal case. Slightly used but fully 
guaranteed. 
Complete with tubes: 5 -954. 1 -956, 4- 
6SK7, 2 -6SJ7, 2-6N7, 1 -5T4. 
Instructions and diagrams for easy con- 
version to a hot 10 (also 6 and 21 meter 
superhet receiver are included. Parts alone 
are worth much more than our $19.98 low HSS Price 

OIL CONDENSERS 2 HSS TUBES 
1 mfd. 5000 Volt. with stand- ¿ Brand new, per 
off inaulators 63.95 feet. 805- $5.: -, 

2 mfd. 1000 Volt. Compact 3E29 1029111 
rond type. )fonts in 74" $4.79 
hole. FOUR for $2.34 

MAIL ORDERS. 1 t Certainly! 
everything 

you want (items in this ad, or any ad. 
magazine, or catalog) and include re 

price per fat f mittance. 
O.D. 1.100' 100' and up 
.40r 9e 6e 
.405" IOe 7c 
.420' 146 10e 
.312" Ile 8e 

195" 8e Se 

Vy 73 de 
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