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The following is a list of all instruction books distributed
from 21 July 1950 to 8 December 1950. The most re-
cent previous list of instruction books distributed appears
in the October 1950 issue of BUSHIPS ELECTRON. The
key to the abbreviations listed under the heading
“Edition” appears below.

Supplementary lists will be published in BuSHips
ELECTRON at regular intervals, as additional instruction
books are distributed.

Abbre- R
viation | Edition

Abbre- I,
viation Edition

|
(@ | Commercial | MI | Maintenance
| Publ[catlon Instructions
|

Che s i Change OH Operators’
(@] ' Complimentary i Handbook
‘ Instructlons :p Prelin‘]innr}r
DB ‘ Descriptive : Instruction Book
Booklet :RS | Revision Sheets
FC | Field Change lS \ SLI[)PlClﬂCﬂt
1B ;g]Si[’kU(.'t[OD SIG X1 } NaiCor
e | Parts List
g o
- Installatm}) SP | Spare Parts
Handbook [
‘ | Catalogue
IS | Instruction \
Shegts T Temporary
‘ | ]
MH | Maintenance TM Technical
| Handbook | | Manual
|
Model Short Title Edition
AM-316/U, NAVSHIPS 91347 1B
AM-317/U
AN/AMT-8 NAVSHIPS 91367 1B
AN/FRT-6 NAVSHIPS 91263 1B
AN/GRQ-T1 NAVSHIPS 91336 1B
AN/MPN-1B NAVSHIPS 98196 FC #12
AN/PDR-3A e e SIG M-8
AN/PDR-8 NAVSHIPS 91221 1B
AN/PDR-8A NAVSHIPS 91317 1B
AN/SLT-1 NAVSHIPS 91258 1B
AN/SLT-1 NAVSHIPS 91258.2 OH
AN/SLT-1 NAVSHIPS 91258.3 MH

Moedel

AN/SLT-1
AN/TPS-1B
AN/UDR-6/-6A
AN/UPA-T1
AN/UQC-1
AN/UQS-T1
AN/URA-G/~7,
CV-57/URR

AN/URA-8

AN/URA-8A

AN/URA-T2A

AN/URC-3 (XN-2)

AN/URM-25

AN/URM—4A

AT-150/SRC,
AS-390/SRC

C-682/SR

CAN-235504,
CAN 55223

CBOR-66134A

CV-95/U

DAU

DT-20/UD

HD-s56,/U

IC/VRT-3

1C405

IE-12A

IE-19

KY-32/GRT

LAF

LAJ

LM

MAR

ME-6/U

Mark 4

Mark 4s

MK 8 Mods 2 & 4

MK 8 Mods 2 & 4

MK-36/GR

MX-561A/TPS-1B

MX-803/UR

MX-835/TPS-1B

MX-835/TPS-1B

MX-904,/U

MX-1010/U

NGA

NGA-1

NGA-1

NMC-2a

OBL

OBQ

OC-1A/S, OC-2A/8
and OC-3A/S

0CJ-1

Short Title

NAVSHIPS 91258.4
NAVSHIPS 98178
NAVSHIPS 91028
NAVSHIPS 91194
NAVSHIPS 91180

NAVSHIPS 91274(A)

NAVSHIPS 91355

NAVSHIPS 91339
NAVSHIPS 91278

NAVSHIPS 91359
NAVSHIPS 91283

NAVSHIPS 91338

NAVSHIPS 91307
NAVSHIPS 91358

NAVSHIPS 91371
NAVSHIPS 91304

NAVSHIPS 91030

NAVSHIPS 91109

NAVSHIPS 900,719 (A)

NAVSHIPS 91366
NAVSHIPS 91361
NAVSHIPS 98192
NAVSHIPS 900,967

NAVSHIPS 91305
NAVSHIPS 91250
NAVSHIPS 91250

NAVSHIPS 900,662

NAVSHIPS 91048
NAVSHIPS 98079
NAVSHIPS 91332

NAVSHIPS 91340

NAVSHIPS 91322(A)

Edition

SP
FC #10
1B

SIG M-8

SIG M-8
SIG M-8

SIG M-8

SIG M-8
SIG M-8

SIG M-8
SIG M-8
SIG M-8
1B

SIG M-8
1B

1B

FC #5
T-1

SIG M-8
SIG M-8
1B

1B

T-2

SIG M-8
SIG M-8
Ch 1

Ch 1

FC #1
CI

SIG M-8
SIG M-8
1B

1B

Model Short Title

Edition
OCM NAVSHIPS 91330 IB
OCM SIG M-8
OKA NAVSHIPS 98194 FC #4
0S-7/U NAVSHIPS-91248 1B
0S-8/U NAVSHIPS 91272 1B
PP-531/UR NAVSHIPS 91374 IR
PP-531/UR NAVSHIPS 91374 T-1
QDA NAVSHIPS 98195 FC #
QGA/-1 ' NAVSHIPS 91253 B
QHB-1 NAVSHIPS 98197 FC #1
QHBa : NAVSHIPPS 98198 FC #1
RAO _— SIG M-8
RAO-9 NAVSHIPS 98193 FC #1
RAO-9 NAVSHIPS 900,356 T-1
RBA-5a, RBB-2a, NAVSHIPS 91319 CI

RBC-3a

RBK _— SIG M-8
RBL SIG M-8
RBM e SO A SIG M-8
RBS—2a NAVSHIPS 91353 CI
RBW e — SIG M-8
RBY _— SIG M-8
RCX e — SIG M-8
RD-49,/U NAVSHIPS 91365 CI
RDO NAVSHIPS 98140 FC #2
RDO NAVSHIPS 98134 FC #3
R]_DZ/—I NAVSHIPS 91331 1B
REM NAVSHIPS 91003(A) Ch 1
RR-32/AM NAVSHIPS 91352 CI
SA-197/TQM NAVSHIPS 91323 IB
SCR-624 LIER S M e SIG M-8
SCR-634 — R SIG M-8
SG-1B NAVSHIPS 98206 ° FC #60
$G-6 NAVSHIPS 900,861(A) Ch 1

Model

SG-6
SG-18/U
SR-6
SR-6/-6B
SS

§5-1

S§§5-1

S8-1

S8-1

TCK

TCM

TDQ

TDZ

TE-11
TE-21
TEG-1
TEG-1
TS-230A/AP
TS-230A/AP
TS-545/UP
TV-s5/U

18]

V-35/U
V-35/U
V]/-1

VK (X-VK)

WFA-1a
10351 (MX-907,/U)
10405

Short Title
NAVSHIPS 98190

NAVSHIPS 98183
NAVSHIPS 900,989
NAVSHIPS 98075
NAVSHIPS 98281
NAVSHIPS 98281.2
NAVSHIPS 98281.3
NAVSHIPS 98281.4

NAVSHIPS 915328

NAVSHIPS 91167
NAVSHIPS 91167
NAVSHIPS 91105
NAVSHIPS 91105
NAVSHIPS 91213
NAVSHIPS 91321
NAVSHIPS 98166
NAVSHIPS 91306
NAVSHIPS 91310

NAVSHIPS 900,829A

NAVSHIPS 91377

NAVSHIPS 91177.2
NAVSHIPS 91177.4
NAVSHIPS 91286

NAVSHIPS 91286.2

JAVSHIPS 91329

Edition
FC #4

SIG M-8

FC #13

MODIFICATION OF B & W ANTENNA CONNECTORS

Mr. Rowell A. Roberge and Mr. Jerome L. Messatzia
of the Long Beach Naval Shipyard submitted the fol-
lowing beneficial suggestion:

To prevent entrance of moisture in Barker and Wil-
liamson antenna connectors used at Naval Shore Radio
Stations, modify the connector as follows:

1.—Before assembly of connector, drill and tap one
side of connector for 45-F—-365 (or equivalent) pressure
type (Zerk) lubrication fitting. File lettering off con-
nector as per sketch (Figure 1) to provide smooth seat
for fitting.

2—Install fitting.

3—After assembly of connector, antenna, and coaxial
cable, cover with “Dow-Corning No. 4 Dielectric
Compound,” ESO Stock N-16-C-12853-500. (ASO
stock R52-C-3107-110).

NotE: While this connector is slated for replacement
by a redesigned unit, such replacement is in the future.
It is recommended that this be used for new installa-
tions; also when connectors become available by lowering
of existing antennas for maintenance, etc.

RILL AND TAP FOR 45-8-365
(on EQUIVALENT) PRESSURE TYPE
(ZERK) LUBRICATION FITTING.

FILL WITH "DOW CORNING *4
DIELECTRIC" STOCK ®N-186-C-12853-500,
AFTER ASSEMBLY OF CONNECTOR,
LEAD-IN, AND ANTENNA.

ZERK FITTING

FILE LETTERS
OFF TO A FLAT
SURFACE.

FIGURE |

SECTION A-A
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Table 3

Table 4

impedance is 4 ohms.

Frequency response Western Electric Type 124 am-
plifier using Peerless Type 265Q output transformer.
Resistors R18, R19, R12 and capacitors C7 and C11
are included in the circuit, but all other recom-
mended circuit modifications are made. The load

Table 6

tortion is 42.5 watts.

Frequency response, Western Electric Type 143 am-
plifier with recommended circuit modifications. The
load impedance is 4 ohms. Four type 5881 tubes
are used in the output stage.  The wave form is very
good at 30 cycles per second for 25 watts output.
The maximum power output without excessive dis-

Frequency in cycles Power output db
per second (0 db is 12 watts)
20 1.0
50 0.5
200—S8,000 V]
16,000 — 1.0
20,000 — 2.0
25,000 — 3.0
30,,000 ] — 4.0
40,000 — 6.0
53,000 — 8.0
70,000 —10.0

As will be shown in Table 4 this choice gives flat re-
sponse. For increase in treble response (as shown in
Table 5) R29 is 820 ohms and C13 is 0.01 mf. In
some drawings R4 is shown as 48,000 ohms.

To improve the bass response of the Type 142 am-
plifiers, the following circuit changes in the power sup-
ply are recommended by the Bell Telephone Labora-
tories: Replace R30 by a resistor having a resistance of
0.51 megohm.: R30 is to be short-circuited when the
amplifier is connected for 12 watts output. Connect the
lead running to the mid point of the 80-mf filter con-
densers to the lower end of R25. Replace R26 by two
resistors of 24,000 ohms each, or by a single resistor
of 48,000 ohms.

The frequency response of the Western Electric Type
142 amplifier, when connected for 12 watts power out-
put, is measured in exactly the same way as described
for the Western Electric Type 124 amplifier.

The Western Electric Type 142 amplifier, when con-
nected for 12 watts output and driven at 400 cycles per
second will deliver 24 watts at 19 harmonic distortion.

Western Electric Type 143 Amplifier

Refer to BuSHips ELECTRON, May 1949, Page 18,
Figure 15. To protect the amplifier under conditions of
no load or very light load, the following circuit changes
should be made: Connect a 0.047-mf condenser in
parallel with a 10,000-ohm 2-watt resistor across Ter-
minals 9 and 10 of Western Electric output transformer
T-520A.

The writer found that the high frequency response of
the amplifier may be considerably modified by connect'ing
an 820-ohm resistor in series with a 0.01-mf capacitor

Frequency response Western Electric Type 142 am-
plifier, with recommended circuit modifications. R29
is 1000 ohms and C13 is 0.002 mf. The load im-
pedance is 4 ohms. Waveform is excellent.

Frequency in cycles Power qutput db

per second (0 db is 12 watts)
20 — 1.0
40 — 05
100 . — 0.1
200—1,000 0
2,000 0.5
4,000 0.5
13,000 0
20,000 0
26,000 — 1.0
40,000 — 20
45,000 — 40
60,000 —10.0
Table 5

Frequenéy response Western Electric amplifier Type
142, with recommended circuit modifications. R29
is 820 ohms and C13 is 0.01 mf. The load im-
pedance is 4 ohms. Waveform is excellent.

Frequency in cycles Power output db

per second (0 db is 12 watts)

20 — 1.0
40 — 0.5
100 — 0.1
200—1,000 ]
2,000 + 1.0
4,000 + 3.0
8,000 + 4.0
14,000 + 3.0
20,000 + 1.0
22,000 0
25,000 — 1.0
30,000 — 30
45,000 — 70

from Pin 3 of V2 (14 6SN7) to ground. This change
in the circuit is not recommended. Tubes V2 and V3
should be carefully balanced. One effect of V3 un-
balance is to unbalance the bias voltages on the output
tubes. No distortion measurements are available.

Western Electric Speaker Type 757A—
Circuit Modifications

Refer to BuSHips ELEcTRON, May 1949, Page 8,
Figure 2. In order to provide approximately 2 db addi-

Frequency in cycles Power output db
per second (0 db is 36 watts)
38 — 1.0
50 — 0.5
200 to 7,500 0
12,000 + 0.5
20,000 .0
27,000 — 1.0
33,000 — 20
38,000 — 3.0
69,000 —10.0
125,000 —20.0

Table 7
Same as Table 6 except 0 db corresponds to 12 watts.
Frequency in cycles Power outpuf db
per second (0 db is 12 watts)

20 — 1.0

40 — 0.5
200 to 6,000 0
9,000 + 05
12,000 + 1.0
16,000 + 2.0
20,000 + 3.0
27,000 + 3.0
35,000 + 2.0
40,000 + 1.0
43,000 © 0
46,000 — 1.0
50,000 — 20
53,000 — 3.0
64,000 — 6.0
80,000 —10.0
150,000 —20.0
200,000 —25.0

tional treble attenuation when a Western Electric 713C
high frequency driver is used with the KS 12027 horn,
and a Western Electric Type 728B is; employed as the
bass speaker in the W.E. 757A combination, the follow-
ing changes should be made in the L-attenuator: Con-

nect a resistor of 16 ohms across the high frequency
speaker, and a 1-ohm resistor in series with the line
going from the high frequency speaker to the junction
of the 0.3 ohm and 6.0 ohm resistors. The sounds
emanating from a machine gun or tap dancer contain
frequencies in. the vicinity of cross-over, i.e., 800 to
1,000 cycles per second. Such program material is very
useful for phasing dual loudspeakers. The sectoral (or
multicellular) horn is positioned to obtain no echo
effect, i.e., the high frequency and low frequency speak-
ers blend into one. Correct phasing is manifest by the
loss of consciousness that two speakers are involved.

The Williamson Amplifier

Figure 2 is a schematic wiring diagram of the Wil-
liamson amplifier—introduced in England. As usually
built in this country two Type 6SN7 and two Type 807
tubes are employed. Feedback in the order of 20 db is
used. For this condition

R =1200 v/ speaker voice coil impedance.

Observe that only four interstage coupling capacitors
are employed in the circuit. Readers are cautioned not
to attempt to build this circuit around just any available
output transformer, for violent oscillations are sure to
occur. To avoid instability the output transformer used
must have an initial primary inductance of at least 100
H, and leakage inductance of not more than 33 mH.
Subsonic oscillations are likely to occur if the initial
primary inductance is not 100 H or more. When the
feedback path includes the output transformer, and 20
db or more feedback is used, supersonic oscillations may
occur if the leakage inductance exceeds 33 mH.

The writer has built two Williamson amplifiers. In
one of these a Peerless Type 265Q output transformer is
employed, and in the other a Partridge Type W.W.F.B.
/0/1.7/ transformer, built to Williamson's specifications
is used. When the amplifier is completed it should be
checked for oscillation before the speaker is connected.
If for example the feedback connection has been inad-
vertently reversed, the oscillatory power output of the
amplifier may be sufficient to destroy the loudspeaker.
Again if the amplifier oscillates and is not loaded by a
resistance equal approximately to the voice coil im-
pedance, the safe operating voltage of the output trans-
former may be exceeded, resulting in the loss of an
expensive transformer. Conditions of stability should be
checked using a germanium diode (such as the Sylvania
1N34) in series with a d-c meter across the voice coil
winding of the output transformer.

Although the writer has a preference for the West-
ern Electric series of amplifiers, the Williamson ampli-
fier is an excellent one in many respects. Both amplifiers
built by the author, when overloaded by a severe
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FIGURE 2—Schematic wiring diagram of the Williamson amplifier.

transient signal generate violent subsonic oscillations
of about 5 cycles per second periodicity. This phe-
nomenon is readily observed by noting the large excur-
sions of the bass speaker diaphragm.

When the amplifiers are checked using a square wave
test signal having a period of 1,/10,000 second (10 kc
fundamental frequency), the output wave is found to
be essentially square, but on its top (and bottom) ap-
pear a supersonic oscillation or ring. The oscillation is
highly damped in the case of the amplifier using the
Peerless output transformer, and extends only about one-
third of the way across the top (and bottom) of the
output square wave. When the amplifier using the Part-
ridge transformer is tested under the same conditions,
it is found that the supersonic oscillation is undamped
and therefore extends all the way across the top (and
bottom) of the output square wave. (See Figure L)

Ringing, as pointed out earlier in this article, is due
to an attenuation characteristic which falls too rapidly
in the high frequency region. It can be reduced or
eliminated (at the expense of increased rise time) by
installing a filter in the amplifier which provides a more
gradual fall off in the high frequency response of the
amplifier. Ringing was completely eliminated in the

case of the Williamson amplifier, using the Peerless
265Q transformer, by installing a 0.27-megohm resistor
in series with the grid of the input tube. It is well
known that the input capacitance of a tube with a load
in the plate circuit is different from its input capacitance
with no plate load. The grid-to-cathode capacity of the
first triode (14 6SN7) is about 3 mmf. But with the
plate load used in the Williamson amplifier the input
capacitance is in the vicinity of 60 mmf. Thus the re-
sistor and input capacity of the tube form the filter
which eliminates, or substantially reduces ring in the
Williamson amplifier. As shown by Figure 1 the Wil
liamson amplifier, using the Peerless output transformer
gives moderately good response to squareé waves of
period 1/20 second. The amplifier using the Partridge
transformer is phenomenal in this respect in that exce].
lent response is obtained to square waves of period 1/5
second.

Frequency response data is taken on both Williamson
amplifiers in the 'same way as for the Western Electric
amplifiers previously considered. It is assumed that the
rated power output of each amplifier is 12 watts, in
order to correlate the results with the Western Electric
124 and 142 amplifiers, Except as specifically noted, the

output wave form is not visibly distorted. No actual
distortion measurements were made, but advertisers claim
harmonic distortion is less than 0.259; at any frequency

in the pass-band. This is an exaggerated claim (see
Table 10).

Table 8

Frequency response of the Williamson amplifier, us-
ing Peerless 265Q output transformer. The load im-
pedance is 4 ohms. An Allen-Bradley volume con-
trol (set wide open) of 0.25 megohm is used. Full
power output is assumed to be 12 watts, with 18 db
(measured) feedback. Noise level is —73 db
(measured). A 0.27-megohm resistor is connected
in series with the grid of the input tube.

Frequencies in cycles Power output in watts
per second (0 db is 12 watt level)

20 to 20,000 0
30,000 — 0.5
40,000 — 1.0
48,000 ; — 2.0
60,000 — 5.0
100,000 —10.0
130,000 —20.0
180,000 —30.0

Table 9

This table is identical to Table 8, except that the vol-
ume control is set to provide maximum frequency
discrimination.

Frequencies in cycles Power output in watts
per second (0 db is 12 watt level)
20 to 10,000 0
20,000 — 0.5
30,000 i — 15
35,000 — 2.0
41,000 = 90
50,000 =510
90,000 —10.0

It is apparent, on comparing Tables 8 and 9, that an
innocent looking high impedance volume control may
have a profound effect on the high frequency response
of an amplifier.

Transformer Characteristics

From a knowledge of the incremental primary in-
ductance and leakage’ inductance of an output trans-
former it is possible to predict by a very simple calcula-
tion when the voltage response of the transformer will
be down 3 db at cach end of the pass band.

When the reactance of the primary winding is equal

Table 10

Frequency response of the Williamson amplifier, us-
ing Partridge output transformer. Otherwise condi-
tions are the same as in Table 8, except that no in-
put filter is used, and the load impedance is 6.8
ohms.

Frequencies in cycles Power output in watts
per second (0 db is 12 watt level)

20 to 50,000 0 The wave form
58,000 — 0.5 is severely dis-
68,000 — 2.0 torted in the
70,000 — 3.0 region 45
80,000 — 5.0 to 60 ks,
100,000 | —14.0

to the resistance formed by the load resistance referred
to the primary side, and the tube a-c resistance (both
taken plate-to-plate) in parallel, the output voltage will
be 3 db below that at mid-range frequencies. Similarly
at the high frequency end of the pass band the output
voltage will be 3 db below that at mid range frequen-

~cies when the leakage reactance is equal to the sum of

the load and tube a-c resistances (both taken plate-to-
plate). i

The Western Electric Type 171C transformer has a
primary inductance of 44 H, and a leakage inductance of
57 mH, referred to the primary side. This value of leak-
age inductance is obtained when the 7.5-ohm winding
is short-circuited. The reflected load resistance is 9,500
ohms plate-to-plate. Assume that the effective a-c re-
sistance of a GLG6 tube is 2,500 ohms, or 5,000 ohms
plate-to-plate. Then the parallel combination of the load
5,000 X 9,500
5,000 + 9,500
Since 27 fL = 3,270, and L = 44H, f =— 11.85 cycles
per second. At this frequency the voltage response will
be down 3 db, assuming other circuit characteristics of
the amplifier are not controlling.

The series combination of the load and plate resist-
ances is 5,000 4 9,500 — 14,500 ohms. Then 2y fL
— 14,500 with L — 57 < 10-3 H. Therefore f —
40,700 cycles per second. At this frequency the voltage
response will be down 3 db, assuming other circuit
characteristics of the amplifier are not controlling.
The incremental primary inductance and leakage in-
ductance are not the only properties of importance for
output transformers used in push-pull circuits. Aside
from the turns ratio, which is of evident importance for
impedance matching, the incremental primary inductance
as a function of d-c unbalance is a property worth con-
sideration,

and tube resistance is — 3,270 ohms.

If the d-c resistance of the primary winding is high,
power losses and harmonic distortion result.

q3alondisay
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A neat scheme for determining plate current balance
is to connect a d-c voltmeter from anode-to-anode, under
no signal conditions. If the meter reads zero the plate
currents are balanced—provided the resistances of the
two halves of the primary winding are equal.

In making the transformer measurements which fol-
low, accepted laboratory procedures and techniques are
used. All measurements of primary winding inductance
are made using a line voltage of 60 cycles per second.

Western Electric Type 171C Transformer

This transformer has a primary winding d-c resistance
of 221 ohms between Terminals 1 and 2, and 243 ohms
between Terminals 2 and 3. The a-c primary balance
is perfect. The reflected plate-to-plate load is 9,500
ohms (averaged for all output impedance combinations).
The leakage inductance referred to the primary side is:
measured across the primary with the various secondary
windings shorted and is as follows:

Secondary Winding

Leakage Inductance mH Short-Circuited

59 1.75
57 7.5
69 16
56 30
80 150
76 ' 600

The incremental primary inductance under conditions
of no d-c unbalance lies between 41.5 H for 30 volts
applied across the full primary winding, to 46 H for
120 volts applied. A 30-ma d-c unbalance causes the in-
ductance of one half of the primary winding to drop
less than 0.3 H—a phenomenon! This is true irrespec-
tive of the a-c voltage level used in the measurement.

It is seen that the Western Electric Type 171c trans-
former possesses two highly desirable characteristics:

1—The primary inductance is practically independent
of the amplitude of voltage applied.

2—The primary inductance is essentially independent
of d-c magnetization of the core.

Characteristic (1) infers that the frequency response
of the amplifier using this transformer remains the
same, whether it is operated at full power output, or at
some level below full power output. The bass response
of most ampifiers begins falling off as volume decreases,
because the inductance of the primary winding is a pro-
nounced function of drive voltage. Characteristic (2)
infers that exact balancing of the plate current of the
output tubes is not of great importance. However, har-
monic distortion may increase rapidly with plate current
unbalance,

Western Electric Type 519A Transformer

This transformer has a primary winding d-c resistance
of 41 ohms between Terminals 11 and 12, and 55 ohms

between Terminals 12 and 13. The a-c primary balance
is perfect. The reflected plate-to-plate load is 6,100 ohms
(averaged for all output impedance combinations). The
leakage inductance referred to the primary side is:

Secondary Winding

Leakage Inductance mH Short-Circuited

11 400

9.3 200
24 24
26 12
26 8
32 4
28 2

If 100 volts a-c is impressed across the full primary
winding, 12.8 volts appears across the feed-back wind-
ing. The turns ratio is thus 7.8 to 1, approximately.
The incremental primary inductance under conditions of
no d-c unbalance lies between 31.3 H for 10 volts ap-
plied to 78.8 H for 300 volts applied. A 10-ma d-c un-
balance causes the inductance of one half of the primary
winding to drop less than 4 H, irrespective of the a-c
voltage level used in the measurement.

Western Electric Type 520A Transformer

This transformer has a primary winding d-c resist-
ance of 10.3 ohms between Terminals 11 and 12, and
13 ohms between Terminals 12 and 13. There is a slight
a-c primary unbalance._The reflected plate-to-plate load
is 2,200 ohms (averaged for all output impedance com-
binations). The leakage inductance referred to the
primary side is:

Secondary Winding

Leakage Inductance mH Short-Circuited

7 2
6.5 4
7.2 8
5.8 12
5.9 24
2.7 67
3.1 170

If 100 volts a-c is impressed across the full primary
winding 16 volts appears across the feed-back winding,
The turns ratio is thus 6.25 to 1, approximately. The
incremental primary inductance under conditions of no
d-c unbalance lies between 13 H for 10 volts a-c, ap-
plied to 23 H (maximum) for 150 volts a-c applied.
A 20-ma d-c unbalance causes the inductance of one
half of the primary winding to drop less than 0.88 H
irrespective of the a-c voltage levél used in the measure-
ment. The incremental inductance of the first half of
the primary winding is 5.7 H for 100 volts a-c applied,
when no d-c is flowing in the second half of the primary
winding.

Peerless Type 265Q Transformer
The d-c resistance of the primary winding of the trans-

* former is 300 ohms, split into half-winding resistances of

145 and 155 ohms. The a-c primary balance is perfect. The
reflected plate-to-plate load is 9,600 ohms (averaged for
all output impedance combinations). The leakage in-
ductance referred to the primary side is:

Secondary Winding

Leakage Inductance mH Short-Circuited
31 16
24 - 8
33 4
27 2

The incremental primary inductance under conditions
of no d-c unbalance lies between 164 H for 10 volts ap-
plied, to 600 H for 300 volts applied. A 5-ma d-c un-
balance causes the inductance of one half of the primary
winding to drop 75 H, whep the a-c voltage level used
in the measurement is 150 volts. This transformer is
thus very critical to d-c plate current unbalance.

Partridge Type W.W.F.B. /0/1.7/ Transformer
(manufactured in England)

The d-c resistance balance is perfect, the total primary

winding resistance being 440 ohms. The primary wind-
ing is perfectly balanced to a-c. The reflected plate-to-
plate load is 10,000 ohms. The leakage inductance for
the 6.8-ohm tap short-circuited is 18.2 mH, and for the
15.3-ohm tap short-circuited is 19.8 mH. The incre-

mental primary inductance under conditions of no d-c:

unbalance lies between 117 H for 20 volts applied, to
444 H for 300 volts applied. A 5-ma d-c unbalance
causes the inductance of one-half of the primary wind-
ing to drop 9H, when the a-c voltage level used in the
measurement is 20 volts. This transformer is very sensi-
tive to plate current unbalance.

Response of Magnetic Reproducers

Early in 1948 Mr. Weiant Wathen-Dunn of the Naval
Research Laboratory made measurements of the fre-
quency response of several magnetic reproducers. These
data, which he has kindly consented to let the writer
use, are presented in Figure 3. The Pickering, Clarkstan
and General Electric pickups were selected at random.

The db response of the reproducer, as plotted in Fig-

ure 3 is defined as db = 20 log,, l—?/%
0, [

Here E is the open-circuit voltage of the pickup, when
the stylus is driven at velocity V. E, is taken as 1 volt,
and V, as 1 inch per second. Under these circumstances
the response of a cartridge may be defined as twenty
times the common logarithm of the ratio between the
open-circuit voltage generated by the reproducer, and
the velocity of the stylus. :

The frequency response measurements were made em-
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FIGURE 3—Curves for the response of the Pickering,
Clarkstan and General Electric magnetic cartridge, as
a function of frequency.

ploying an optically calibrated test recording. The re-
rults, therefore, include the interaction of the stylus and
record. This effect is not included when pickups are
calibrated by use of a mechanical vibrator.

Tt is evident that the Pickering 120M cartridge not
only possesses the smoothest response between S0 and
10,000 cycles per second, with the least high frequency
roll off, but the greatest voltage output of any repro-
ducer tested. If the superiority ok the Pickering car-
tridge is maintained to both higher and lower frequen-
cies, with gradual roll-off at each end of.the pass-band,
one can say that the transient response of the Pickering
cartridge is better than the others, if the assumption is
made that all cartridges are essentially distortionless.
Distortion in pickups is defined as the generation of
frequencies in the voltage output not present in the
stylus actuating device.

The writer has obtained excellent results from the
Pickering Type D-140S reproducer equipped with 0.001
inch radius diamond stylus for use with microgroove
recordings. Unfortunately no calibration curves are avail-
able for this unit.

Resistance-Capacity Dividing Network
For Two-Channel Power Amplifier

Mr. Irving Levine of the National Bureau of Stand-
ards kindly supplied the circuit diagram of the R-C
dividing network employing cathode follower input and
output stages, shown in Figure 4.

The dual channel amplifier has several advantages over
a single amplifier for driving a dual loudspeaker. The
use of a distortion producing dividing network at high
signal levels is avoided as well as the power consuming
attenuator in the high frequency channel. The divided
transmission system permits exact impedance matching
between amplifiers and speakers. For example, the am-
plifier handling the lower frequencies might be set up
to drive a 16-ohm bass speaker and the amplifier han-
dling the higher frequencies might be set up to drive a
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FIGURE 4—R-C dividing network.

high frequency receiver such as the Western Electric
Type 594A loud speaking telephone having an im-
pedance of 24 ohms.

Returning now to Figure 4, the high-pass and low-
pass filters are included in dotted rectangles. The values
of capacitors and resistors shown result in an 800 cycle
per second cross-over. If, for example, a cross-over fre-
quency of 500 cycles per second is desired, the values
of the filter capacitors should be increased by the ratio
800/500. Each RC section should be adjusted until
it is down 1 db at 800 cycles (for 800 cycles cross-over),
so that the total attenuation for all three sections in cas-
cade is 3 db at 800 cycles per second. The low frequency
filter provides an attenuation approaching 18 db per oc-
tave above the cross-over frequency, and the high-fre-
quency filter provides an attenuation approaching 18
db per octave below the cross-over frequency. The filters
should not be loaded with a resistance of less than 5
megohms. As shown in the circuit they operate into
cathode followers having input impedances of this order
of magnitude. The filters could just as well operate into
the grid circuits of tubes provided a proper dc- return
is used in the grid circuit following the low-pass section.

The coupling capacitors of 0.02 mf used throughout

the circuit are more than adequate from the point of
view of low frequency response since the input im-
pedance of each cathode follower approximates 5 meg-
ohms.

If desired the 0.25-megohm volume controls may be
omitted, but the 0.02-mf capacitors must be used. It is
not permissible to tie the grids of the input tubes di-
rectly together. -

If the R-C dividing network and the dual channel
amplifier are built on separate chassis, the output cou-
pling capacitors (blocking capacitors) should be built
into the dual channel amplifier. The connecting cables
will thus be “hot” (4150 volts).

Output coupling capacitors of 0.1 mf may be used
provided the grid resistors (or volume controls) em-
ployed in the input circuits of the dual channel ampli-
fier are 0.25 megohm, or greater, Under these circum-
stances, equal voltages will appear across the coupling
capacitor and grid resistor at about 6.4 cycles per second.

At this frequency the voltage developed across the grid
resistor will be 6 db down,

To prevent possible rupture of the diaphragm in the

high frequency driver, the low frequency response of
the associated amplifier should be limited. No attempt

should be made to reduce the gain of a feedback am-
plifier at low frequencies by reducing the size of the
interstage coupling capacitors, nor should a filter be
used between the output transformer and high frequency
receiver. One solution, affording some protection, is to
reduce the value of the grid resistor in the input circuit
of the high frequency amplifier, and reduce the value
of the capacitor used between this amplifier and the
high pass section of the R-C dividing network. As an
example, assume that a grid resistor of 0.1 megohm is
selected (so that the grid circuit is not too sensitive to
hum pickup, etc., and the cathode follower is not too
heavily loaded), and that 6 db attenuation is to be in-
troduced at 159 cycles per second. The objective is to
determine the required value of coupling capacitor. One
has C = 1/2% f R (f is the frequency). Thus C —
1/27 (159) (100,000) == 0.01 mf. The fact that the
response is down 6 db at 159 cycles per second does not
have a deleterious effect at the cross-over frequency of
800 cycles per second. A simple calculation shows that
for this choice of R and C in the coupling network the
response is only 0.17 db down at 800 cycles per second.

Under these conditions if a loose connection develops
between the high pass section of the dividing network
and the high frequency amplifier, the diaphragm of the
driver may not be destroyed. It is realized that this dis-
cussion on protective measures is by no means complete,
and is included primarily to warn readers of the conse-
quences of applying low frequency voltages to high fre-
quency drivers.

The divided transmission scheme is a good way of
achieving linear transmission of low frequencies (such
as originate in drums, gun shots, explosions and thun-
der) together with linear transmission of high frequen-
cies (such as originate in triangles, castanets, cymbals
and tambourines), without severe modulation of the
high frequencies by the low frequencies. It is to be
noted, however, that use of a single amplifier having
power output equal to the sum of the power outputs of
the identical dual channel amplifiers will result in com-
parable performance provided all amplifiers possess the
same distortion and frequency response characteristics.
But it is generally impossible to obtain optimum gen-
erator impedance in driving the bass and treble speakers
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L FOR MINIMUM NOISE LEVEL, THE HEATER SUPPLY
SHOULD BE BIASED *15 TO £45 VOLTS D.C. WITH
RESPEGT TO GROUND.

2. THE OUTPUT POWER VARIES WITH THE GAIN SETTING AND
LOAD IMPEOANCE AND IS TABULATED BELOW FOR
REPRESENTATIVE OPERATING CONDITIONS. THESE OUTPUT
LEVELS ARE OBTAINED WITH NOT MORE THAN 1% TOTAL
HARMONIC DISTORTION OVER THE FREQUENCY RANGE OF
50 TO 7500 CYCLES WHEN A 300 VOLT D.C. SUPPLY
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3. THE NUMBERS IN PARENTHESES ARE THE VOLTAGES AND CURRENT
WITH RIS SHORTED.

4. IN CASES WHEN THE "B SUPPLY VOLTAGE IS OTHER
HAN 300V, THE VOLTAGES INDICATED ARE MULTIPLIED
BY THE RATIO OF THAT VOLTAGE 70 300.

5. THE VOLTAGES AND TOTAL CURRENT INDICATED REPRESENTS
TYPICAL OPERATING CONDITIONS WITH AVERAGE TUBES, WITH
A 300V. D C."B° SUPPLY AND THE GAIN CONTROL AT 704db.
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FROM POINTS SHOWN TO TERMINAL 6 AND SHOULD BE
WITHIN 220 %.

FIGURE 5—Western Electric Type [41A amplifier.
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when a..dividing network is interposed between an am-
plifier and dual loudspeaker.

Western Electric Type 141 A Preamplifier

A schematic wiring diagram of the Western Electric
Type 141A preamplifier suitable for use with a low im-
pedance microphone is shown in Figure 5. This is not
an equalizer-amplifier, the frequency resporise charac-
teristic being essentially flat. If used with a magnetic
pickup, an equalizer must be employed between the
pickup and preamplifier. A very satisfactory equalizer
for this purpose is the Pickering Model 163A.

The output of the amplifier is a cathode follower
which will operate into load impedances of 600 ohms
and up. It is especially suited for driving the amplifiers
described in this and previous articles. One novel fea-
ture of the amplifier is the employment of an electro-
Iytic output coupling capacitor of 50 mf, and the cir-
cuitry for accomplishing this.

‘Harmonic distortion under average conditions of op-
eration will not exceed 0.39% over the pass band. The
frequency response characteristic is flat from 50 to
15,000 cycles per sécond, falling off about 0.75 db at
20 and 20,000 cycles per second, when tl:ne Western
Electric Type 618B input transformer is used.

OUTPUT
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FIGURE 6—Subterfuge for a dual loudspeaker.

Subterfuge For a Dual Loudspeaker

A circuit diagram for a dual loudspeaker of some
practical interest is shown in Figure 6. Here a 30-ohm
power type potentiometer, and a 1-mf capacitor form
the “dividing network.” Two inexpensive speakers are
used. A 12-inch speaker having an 8-ohm voice coil
might be the woofer, and a 4-inch speaker having a
4-ohm voice coil might be the tweeter. The poten-
tiometer permits pleasing high-to-low frequency balance
to be obtained.

It is well known that most speakers do not respond
to high frequencies because as the frequency of the driv-
ing voltage is increased their inductive reactance be-
comes so high that virtually no power can be delivered
to them from the low impedance secondary winding of
the output transformer. One method of achieving a
more favorable impedance match at high frequencies is
to “tune out” the inductive reactance of the speaker, by
connecting a capacitor of suitable value in series with

the speaker voice coil. Generally the resonance curve is
fairly broad, so that very satisfactory results can be
achieved in this way. It is surprising how good the 15-
kc response of an ordinary 12-inch speaker can be, when
resonated with a capacitor somewhere in the 10 to 15 kc
region! .

Requirements For a Good Sound Syﬁem

fThe writer contends that a good sound system (includ-
ing the loudspeaker) should pass square waves of
period 1/15 to 1/7,500 second without noticeable dis-
tortion, i.e., change in wave shape. Square wave tests
make sense when they are applied to a complete sound
system. The proponents of square wave tests—particu-
larly those in the audio equipment manufacturing busi-
ness—should develop speakers and microphones which
pass square waves! But until the advent of the speaker,
microphone and phonograph pickup having good square
wave response, one must be satisfied with inferior equip-
ment. This is not to say that the writer feels that it is
useless to possess a basic amplifier having good square
wave pass qualities. A chain might as well have some
strong links, even if it is inevitable that some weak links
must exist.

Some workers in the field of audio engineering state
that an amplifier should possess excellent amplitude
response a decade below the lowest frequency in the
pass band, and a decade above the highest frequency in
the pass band to reduce modulation products within the
range used and to minimize phase and transient effects
within that range. If the band width required is 30 to
15,000 cycles per second, the frequency response charac-
teristic would then have to be good from 3 to 150,000
cycles per second!

The writer is of the opinion that a flat frequency re-
sponse characteristic an octave below and an actave above
the frequency band of interest with gradual roll off in
response at each end, will result in satisfactory phase
and transient response. Then if harmonic distortion is
limited to a fraction of 19, for normal eperating level
over the entire region of flat frequency response, inter-
modulation products within the frequency region of
interest will be acceptably low. It is to be remembered
that a step voltage, which bears some resemblance to
certain musical notes, may be thought of as containing
an infinite number of frequencies of finite voltage am-
plitude. Thus the complex sound wave emanating from
a band, for example, may be resolved into a large num-
ber of sine wave signals of different periodicity and of
discrete voltage amplitude. Some of these sinusoidal
voltage waves are of frequencies above audibility. If
harmonic distortion is not carefully controlled in the
inaudible regions intermodulation products will exist in
the audible frequency spectrum. In general, all of the

amplifiers discussed in this and past articles are capable

- . of excellent frequency response and low distortion over

the frequency range 15 to-30,000 cycles per second, i.e.,
from an octave below to an octave above the band 30
to 15,000 cycles per second.

In a good sound system all elements of distortion
should be minimized. This not only includes reduction

of harmonic and intermodulation distortion—which are

manifestations of the same phenomenon—but hum and

- noise as well. Intermodulation distortion should not ex-

ceed 4% which is another way of saying that harmonic
distortion must not exceed 19, anywhere in the pass
band. Noise and hum should be at least 70 db below
full output level, i.e., the dynamic range (which is of
great importance) should be at least 70 db.

The frequency response characteristic of a good am-
plifier should remain unaltered when the amplifier is
operated at maximum level, and at 30 and 60 db below
maximum level. The power handling capacity of the
amplifier for sine wave voltage input should be at least
6 db beyond full modulation capacity over the entire
signal band. Thus an amplifier which is to deliver 5
watts of power, for sine wave excitation, should have a
power rating of at least. 20 watts.

It is often brought out that the sounds emanating from
a single musical instrument are usually harmonically re-
lated (this is true of string instruments, but not true for
round drums, cymbals, etc.) and therefore sound sys-
tem harmonic distortion which brings about changes in
relative harmonic amplitudes is not too important. The
same sound equipment when used to reproduce sounds
originating in a group of sources may sound harsh, be-
cause of the intermodulating of the various frequencies
involved. The way to lick this problem is to reduce har-
monic distortion and thereby reduce intermodulation
distortion!

It is of interest to observe that two amplifiers having
the same overall harmonic content can and olten do

sound different, because low order or high order har-,

monic distortion can lead to the same overall harmonic
content. Note also that the ear generates its own inter-
modulation distortion. If it didn't, it would be impos-
sible to hear beats between two pure sounds of differ-
ent frequency.

Summary

What this article has attempted to bring out, other
than present some practical circuitry, is that a good am-
plifier has the following basic attributes:

1—The widest possible uniform frequency response
characteristic with gradual roll off at each end.

2—The lowest possible harmonic distortion and noise
level.

3—Unconditional stability.
Having achieved the desired amplifier frequency charac-

teristic (including the frequency characteristic of the
equalizer) the transient response is fixed. It is worth
remembering that even though the transient response
of a given amplifier may not be particularly good be-
cause of the frequency discrimination of the equalizer,
if the equalization complements that which is used at the
transmitting station, the transient response of the overall
system, i.e., from microphone-to loudspeaker, (but not in-
cluding these instruments) might turn out to be accepta-
bly good provided the minimum phase shift criterion
is satisfied. :

Having determined the tolerable limit for- harmonic
distortion percentage, intermodulation distortion per-
centage is fixed and cannot be altered without altering
the percentage of harmonic distortion.

Some persons have the mistaken notion that the ap-
plication of feedback in an amplifier will correct for the
deficiencies of the output transformer. The trouble with
this theory is that the phase characteristic of a poor
transformer is usually such as to prohibit application of
sufficient feedback to correct for its deficiencies. Ampli-
fier oscillation difficulties are sure to be encountered be-
fore the requisite band width and low harmonic distor-
tion necessary to meet high fidelity requirements are
achieved.

Don’t be misled by anyone who says “‘you can’t hear
what goes on outside of the pass band so why worry?”
Speech and music are transient in character, and the
transient response in the pass band is a function of what
happens outside of the pass band, as well as what hap-
pens within the pass band. Remember also that several
signals that are inaudible can produce intermodulation
products in the frequency band of interest.

Finally, don't waste money trying to build an equalizer
having perfect transient response, and at the same time
variable equalization! It cannot be done. Better to
spend your money on a magnetic tape recorder, or if
need be spend it on wine (coca cola), women (your
wife) and song (listening to the Philadelphia Orchestra,
in person).

MODEL SV WARNING

The item on Page 21 of the November ELECTRON
concerning checking ON-TIME current in the Model
SV radar implies that the procedure described could be
employed by all hands. This is not the case—this pro-
cedure can be employed only by W.E. Field Engineers.
If a technician must check this circuit, he is cautioned
to abide by all Navy Department approved safety pre-
cautions, measuring the resistor in question with a re-
sistance bridge and with the equipment OFF.
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Continuing a new, and it is sincerely hoped, a permanent feature of your magazine—ELecTrRON.
This new feature is the answer to numerous suggestions and requests from fleet and shore per-
sonnel for a medium of presenting their individual problems, gripes and questions on electronics
matters and obtaining answers to such queries. This section is not to be confused with the
FORUM which has been a regular part of the ELecTRON since its inception in 1945. The continu-
ance of this new feature depends entirely on you—the personnel in the field—since we must first
receive correspondence from the field before we can search out the answers and print
them. As a matter of convenience, it is suggested you write directly to:

Editor
BuSHIrs ELECTRON
Sir:

I would like to know if the Sonar Monthly Perform-
ance and Operational Reports submitted by this ship are
reaching the proper destination in the Bureau of Ships,
if the form used is adequate and if the information is
adequate.

E.A.W. SO1
To answer your questions:

1. These monthly reports are reaching their destina-
tion.

2. The form is not adequate. The Burean is revising
the form now and the new one should be available
sometime in February. Each ship will be mstructed how
and when to request a new form from the District Print-
ing and Publication O flices.

3. The information supplied is in some instances ade-
quate, but, in general, it is not. This is the main reason
the decision was reached lo revise the forms. The new
forms, if properly filled out, should supply all needed in-
formation.

When these reports are received in the Burean of
Ships mail voom, they are routed to the cognizant engi-
neer in charge of the particular equipment in the Installa-
tion and Maintenance Engineering Section of the Elec-
tronics Divisions, Burean of Ships. The information con-
tained in the report is recorded by ship, equipment,

The Editor

BuShips Electron
Code 993

Bureau of Ships

Navy Department
Washington 25, D. C.

The following is typical of
the type of letters received
to date for inclusion in
this column:

period, date, performance and operational difficulties. If
serious difficulties are evident, previous report records
are examined and analyzed. The results of this analysis
are then the basis for Burean action which may be a
letter to the ship, an article in the Electronics Installa-

“tion Bulletin, an article in BuSHIPS ELECTRON, or the

issuing of a field change to the equipment.

One report alone is not necessarily of much value, but
remember that every other ship in the Navy is submitting
similar reports, and over a period of six months or a
year, this wealth of information becomes a very valuable
tool to the Burean.

Your concern and interest as to the adequacy of the
information received is commendable. Undoubtedly there
are many bundreds move of you fellows with the same
thought, “Is this just some more red tape that serves no
useful purpose?” These monthly reports are a wvital
source of information. They are studied and acted upon;
however, by the time the action is evident to you, due
to unavoidable delay, it may have appeared that the in-
formation was ignored.

Editor

Keep your gear on the road
to peak efficiency and the kind
of operation you need and ex-
pect. If your chassis makes
funny noises, overheats or
won’t make any noise at all,
tell us how it failed. We need
your help so we can make the
next one better, and help you

to keep it running smoothly.

SEND NAVSHIPY 583

0ot a FALLURE to report ?

. ..THEN LET US KNOW WHAT'S TO BLAME

TO CODE 962, BUREAU OF SHIPS
NAVY DEPARTMENT WASH. D.C.
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