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520, and 1000 Mc. frequencies is not pronounced. In
the daytime, the lower atmosphere is nearly standard,
and the fields remain fairly constant,

On the 26.7-mile path, the diurnal variation (figure 3)
of signals is markedly different for the optical high
terminals from that of signals for the non-optical low
terminals. The fields for the high terminals vary less
and, at the higher frequencies, may decrease rather than
rise at night. The signals for the low terminals rise
sharply at night for all frequencies with a much greater
diurnal change than for the high terminals.

On the 46.3-mile path, the maximum diurnal change
(figure 4) occurs at 3300 Mc., with less change at 9375
and 24,000 Mc. The explanation for this unexpected
result lies in the fact that, when conditions are nearly
standard in the daytime, the fields for 9375 and 24,000
Mc. do not drop to the expected values. Apparently,
some mechanism other than refraction or diffraction,
such as atmospheric scattering, is needed to explain these
high daytime fields at higher frequencies on the long
transmission path.

Although a distinct correspondence was noted between
the formation and breaking up .of the temperature in-
version and the diurnal variation of field strengths, a
detailed one-to-one correlation is not apparent.

The objective of increasing knowledge in the subject
of radio and radio wave propagation is, as in any science,
limited by the restrictions of theory and the impracti-
cality of making actual measurements under all possible
conditions. The objectives of the NEL desert experiments
constitute an example of an attempt to modify theory
from the results of certain critical measurements. On
the basis of the measurements of this continuing study,
it is possible to predict radio field strengths for certain

-speciﬁc refractive index distributions. With continued

success of these studies by the U. S. Navy Electronics
Laboratory, the results may well provide an aid to Fleet
communications in estimating the transmission distances
being achieved at a definite time and in predicting the
transmission distances to be achieved within an interval
of several hours.

FIGURE 4. Diurnal variations in field strength at the Datelan station.
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TYPE
TESTING

ELECTRONIC
EQUIPMENT

Complete facilities for type-testing electronic equip-
ment manufactured for the United States Navy are being
established at the Navy Electronics Laboratory. Although
not all the apparatus and machines to be used have been
installed, tests have already been made on a number of
different types of equipment. When completed, the
facilities will make possible all the inspections and tests
necessary to a complete evaluation of prototypes of gear
intended for use in radio, radar, sonar, and intercom-
munication systems,

Fundamentally, type-testing of electronic equipment
consists of answering three questions: (1) Does the gear
mect the general specifications for the particular class .(?f
equipment? (2) Does the gear meet the contract specifi-
cations? (3) Is there any way in which the gear could
be modified to provide improved operation? To m}swcr
these questions, the electrical and mechanical pertorm-
ance of the submitted model is studied, its construc
tional features are assayed, and a conclusion is reached
both on the suitability of the model to the .PUTPUSC
for which it was designed and on its suitability as a
production standard.

The type test facilities at NEL are housed :
buildings, which provide a total of 14,000 square feet
of floor space. Personnel engaged in the tests include
electronics and mechanical engineers, chemists, metallur-
gists, and technicians. The electronic test ;tp])nraluﬁ con-
sists of such familiar equipment as Meters, h”d’(.les’
and- other devices

in four

signal generators, wave analyzers,

commonly used in the testing or ser
gear. Included among the facilities already installed and
soon to be installed for mechanical testing are machines
to ]‘C‘”‘Ol‘m vibration, shock, and roll tests. The \-ih_m-
tion machines test gear as heavy as 500 pounds, with

vicing of electronic

PITTED CONTACT, heavy duty vi-
brator. This'is typical of the kind of
defect uncovered in type tests of
electronic gear.
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machines.

P

100-POUND vertical and horizontal vibrati

both horizontal and vertical vibrations at frequencies
from 5 to GO cycles per second over excursion distances
ranging from zero to 0.258 inch. Circular vibration
tests can be conducted on gear weighing up to 35 pounds
at 5 to 53 cycles per second over an excursion distance
of 0.065 inch. The shock machines will test gear weigh-
ing up to 3000 pounds, delivering both horizontal and
vertical shocks with energies up to 18,000 foot-pounds.
In one machine, which will handle equipment weighing
as' much as 2000 pounds, simultancous testing for shock,
vibration, and roll is accomplished. Also 'nCluF]Ed ambng
the mechanical testing devices is a stress-strain machine

with a maximum load of 200,000 pm.xnds,
In addition to undergoing electronic and mechanical

evaluation under ordinary conditions, gear tested in the
NEL facilities will also be given operational tests under
extreme conditions of temperature, humidity, and at-
mospheric pressure. Specially constructed and fitted
chambers will be used. At present, only one small
chamber, of slightly less than a yard cube in size, is in
operation. Two somewhat larger chambers will be
operating shortly. Now in the planning stage is a fourth
temperature-humidity facility of the “walk-in" type, the
inner chamber of which will be an 8-foot cube. The
four chambers are designed to provide for the testing of
equipment at temperatures ranging from —75 to 485
degrees C., at humidities from 20 to 95 per cent rela.
tive over a temperature range of +2to +70 degrees C.,
and at pressures corresponding to altitudes up to 53,000
feet. In another chamber, gear will be subjected to g1
spray. .

A new equipment submitted for evaluation is g,.
jected to a thorough inspection of its materials 4,4
workmanship. Are the various parts made of Materials
which are satisfactory as to mechanical strength, finjg},
and durability? Is the soldering good, with connectionsl
free from excessive amounts of solder and from splatter.
ings of rosin residue? Is the wiring arranged in a nega
and workmanlike manner, with flexible conductors ge.
curely anchored so that the insulation will not be chafed
How about the insulation—does it support combustion »
Are all the components of the gear-accessible for majp.
tenance and servicing? Are they of approved types?
These, and a myriad of other questions, are answered
during the ccurse of the inspection.

The particular inspection and test procedures em.
ployed depend upon the type of gear to be tested, and
also upon the specifications. A radio receiver, for ex.
ample, is first given a mechanical inspection. Electronic
tests follow. Voltage checks and point-to-point re-
sistance checks are made and compared with the manu-
facturer’s figures. The power dissipation rating of the
resistors is verified, as is the power consumption of the
set. A series of tests determine the sensitivity, selectivity,
frequency response, distortion, and power output of
each circuit. The alignment of the i-f stages is checked.

The oscillator calibration is ascertained, and the drift
observed under different temperature conditions and with
power-source voltages 10 per cent above and below the
rated voltage. R-f stages are checked for image response,
cross-modulation response, and i-f feed-through. The
radiation from the oscillator within the set is measured.
Next, the receiver is tested in operation under the condi-
tions of temperature, humidity, and pressure specified in
the contract. Shock, vibration, and pitch-and-roll tests
are then conducted, simulating the conditions under
which the set would be required to function aboard ship.
Perhaps salt-spray tests are made. If the receiver is
portable equipment, an immersion test' may be in order.
The set is immersed in water to a specified depth; at
the end of a protracted period of time it is brought up,
wiped off, and an attempt is made to place it in opera-
tron.

Since the establishment of the electronic equipment
type-testing facilities at NEL, several different kinds of
gear have been evaluated. The thoroughness of the in-
spections and tests is indicated by a brief outline of the
conclusions reached on two of the equipments.

The first is a radio transceiver, which was being con-
sidered for use as a portable high-frequency equipment
by the U. S. Marine Corps. Although the gear was found
usable, mechanical defects such as the following were
noted: the case was not watertight; the heavy-duty vi-
brator was not hermetically sealed; the voltage rating
of one section of an electrolytic capacitor was different
from the voltage rating of the other two sections; the
hand-powered generator lacked a clamp which would
permit it to be supported on trees or posts; and reflec-
tions from the tuning dial window hindered reading of
the dial settings. The foregoing constructional defects
are representative of the eighteen which were found.

Light-weight,
high-impact

SHOCK MACHINE.

Representative of sixteen deficiencies noted during the
electrical tests are the following: the power output of the
transmitter was low; the audio response of the modula-
tor was poor below 850 c.p.s.; the radiation of the local
oscillator in the receiver was excessive for frequencies
near 12.0 Mc.; and the conducted r-f noise interference
from the hand-powered generator was excessive at fre-
quencies above 50.0 Mc. Since the shock and vibration
test facilities had not yet been installed at the time the

Controlled ATMOSPHERE CHAMBER.

transceiver was tested, its suitability for transportable
use could not be determined. The results of the tests
which could be made, however, indicated that as de-
signed the gear was not acceptable.

A second example of the thoroughness of the type-
tests is provided by the results of an evaluation of a pre-
production model of an audio amplifier manufactured
for general Navy radio use. Eighteen deviations from
the specifications were noted. Although mostly of a
minor nature, they rendered the model unsuitable as a
production standard. Changes could be made, however,
without great difficulty. The unit was finally recom-
mended for Fleet service, provided that: (1) the over-
all performance at increased and decreased line voltage
was improved; and (2) the recommended changes were
made in the fasteners, several of the components, and
the finish of the unit.

Models of electronic equipment submitted to the Navy
Electronics Laboratory for type-testing are given every
possible inspection and test necessary for a complete
technical evaluation. Recommendations based on the
results of the tests are submitted to the manufacturer
through the Bureau of Ships, so that the equipment may
be redesigned and changed to meet exacting Navy speci-
fications. The type-testing facilities at NEL provide as-
surance that electronic equipment manufactured for the
United States Navy will measure up to the severe re.
quirements of operation ashore and afloat.
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- IONOSPHERE
PULSE

PROPAGATION

The ionosphere is the outermost portion of the at-
mosphere, the earth’s cushion against interstellar space.
It is a region of charged, or ionized, air particles con-
taining several layers or belts in which ion density is
particularly great. These layers make possible long-haul,
radio communications circuits.

Scientists have known for many years that these ion-
ized layers have the power to reflect man-produced bursts
of electromagnetic or radio energy. They have also
known that these layers do not remain at fixed distances
from the earth but move up and down in response to
variations in solar radiations of various kinds. It is this
moving up and down of the layers which creates a condi-
tion well known to all short-wave broadcast listeners—
a condition which causes international broadcast signals
to “come in" better at certain times of the day than
others.

A method of predicting the best radio frequency for
communication over a particular distance at a given time
has been worked out and forms the basis for propaga-
tion charts published by the Burcau of Standards. For
conventional CW or voice communication purposes, fre-
quencies determined on the basis of these charts have
been found remarkably useful. For high-speed, auto-
matic signaling systems, however, these charts are not
entirely adequate in a practical sense.

High-speed communications, it has been found, are
limited to top speeds of about 250 words per minute
despite the proven higher-speed capabilities of electrical
and mechapical terminal equipments. Clearly the defi-

IONIZED LAYER

IONOSPHERE

ciency does not lie at cither the transmitting or receiving
ends of such circuits, but represents a drastic altering of
the signals themselves somewhere along the transmission
path.

That conditions along the path are complex is well
known. For example, reflection of a signal may take
place between two or more layers of the ionosphere as
well as between these layers and the ground. The signal,
on its way from transmitter to receiver, may take a num.
ber of paths, when only one ionized layer is involved,
Then, too, the whole transmission picture sometimes
changes without warning, causing a strong, distortion-
free signal to appear at the receiver in one instant, and
a weak, badly-garbled signal to appear the next. All of
these complexities create distortions of the transmitted
signal and limit communication speeds,

The first of a series of investigations of these distor-
tions and their causes was begun at the U. S. Navy
Electronics Laboratory in August 1947 and was con-
cluded almost a year later in July 1948. These tests were
made, cooperatively, with the Central Radio Propagation
Laboratory of the Bureau of Standards over a 2300-mile
link between Sterling, Virginia, and San Diego, Cali-
fornia.

The experiments involved the transmission of pulses
from Sterling and their reception at San Diego. The
procedure was essentially the same as that employed in
measurements of ionosphere layer height wherein the
time difference between the propagation of a pulse and
the arrival of its reflected component from the layer is
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FIGURE 1. Block diagram of pulse reception equipment.

used to determine the distance of the layer from the
medsuring point. In the NEL-CRPL experiments, how-
ever, the pulses were not sent out at a steep angle, but
over a typical long-haul communication circuit.

The transmitter at the CRPL end of the circuit em-
ployed a peak plate power input of 600 kilowatts on a
frequency of 13.66 megacycles. The transmitter radiated
40-microsecond pulses at a repetition rate of 25 pulses
per second. A rhombic antenna with a beam width of
about 30 degrees and pointed five degrees south of San
Diego was used.

At the western terminus of the link, the Navy Elec-
tronics Laboratory installed a horizontal dipole and a
vertical sleeve-type dipole, intersecting at their centers,
cut for 13.66-megacycle operation. Provision was made
for choosing either of these antennas from the operating
position.

A converter tuned to 13.66 megacycles and having
an output frequency of 1.9 megacycles was connected.to
two DAS-4 loran receiver-indicators. The loran cquip-
ments were modified to give a 4.5-millisecond sweep anfi
utilized an external 100-kilocycle General Radio pri-
mary frequency standard for control of the sweep-rate
and marker generators. The external source was held to
an accuracy of about one part in 30 million to make
possible 24-hour unattended operaticn of the system.

Photographs of the loran scope faces were made au-
tomatically by a Fairchild Type A recording camera.
Single-frame, 35-mm. exposures of 2 seconds each at
f5.6 were made every 2 minutes throughout the oper-
ating period. The time interval between exposures was
determined by two mutually triggering electric timers.
Amplitude recordings of the 15-megacycle signal of
station WWV were made by applying the a-v-c voltage
output of a receiver, after amplification, to a recording

voltmeter. Calibration of these circuits was accomplished
by coupling an LP signal generator into their inputs.
A block diagram of the receiving layout is shown in
figure 1.

Three forms of data were gathered so that the re-
ceived pulses could be studied in great detail. Photo-
graphic records of the structure of the arriving pulse
trains were made by the automatic camera arrangement:
measurements were recorded of the amplitudes of the
several pulse groups in the signal trains; and concurrent
measurements of the amplitude of WWV signals, two
megacycles away from the signals under study, provided
a reference point for the pulse-signal amplitudes.

As had been expected, wide variations of the received
train structure were observed at San Diego. Night train
structures were found to be products of both one-hop
and two-hop transmissions. In the one-hop night trans-
mission, the earliest arriving pulse was found at times
to have traveled a low path, close to the earth, and to
have been composed of extraordinary and ordinary mag-
neto-ionic components not resolved in time. The next
pulse, arriving a millisecond or so later, came by way
of a high path and was composed of resolved extraordi-
nary and ordinary components.

Two-hop transmissions were diffused by the reflection
of pulses from the earth somewhere along the path. This
peculiarity was seen casily when the ragged, scattered
character of pulses comprising this type of transmission
was compared with the clean, sharply centered charac-
ter of the one-hop transmitted pulses.

During the daylight hours, when many_ layers exist
in the ionosphere, and the F, layer maximum usable
frequency was much greater than the operating fre.
quency, the pulse train became extremely complex and
broke down into several diffuse groups. The many pulses
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of which these diffuse groups were composed changed
rapidly in phase relationship and the resulting continu-
ous amplitude variation of every portion of the group
gave it a writhing appearance. As the maximum usable
frequency decreased to approach the operating frequency,
the low and high signal paths converged and became
coincident and the train length was minimized. At the
same time this effect occurred, it was found that the re-
ceived signal increased in intensity because of iono-
sphere focussing.

A typical run covering a day’s operation is shown in
figure 2. Reading from top to bottom, the first plot is
the predicted maximum usable frequency at the center

of the path, This information is taken from the tables
of frequency predicticns published by the Bureau of
Standards. Next is plotted the delay between the trans-
mission of a pulse and the receipt of scattered return at
the transmitter, The structure of the signal as it arrived
in San Diego is shown in the next plot; and, finally, for
reference purposes, the last plot records the amplitude
of the strongest pulse received in San Diego. All of the
plots are drawn to the same time-of-day horizontal scale.

When the total path between Sterling and San Diego
is in daylight, the train structure as observed at San
Diego is seen to be fairly long, between 2.5 and 3 milli-
seconds. This condition exists between the hours of

FIGURE. 2. 24-hour signal propagation over experimental path.

il . T =] T g

0 — } — === | P P e aix
8 5l | | P o | ol el O
o | F,-4000 [ ] [ [
< 20 T = T ——
8 | | I | J T— // ]
z | PREDICTED M.U.F. AT PATH CENTER £.2000 [

ol OCTOBER 1947 LT | ‘

50 e e L

| | | T 51 {5 | | ]

46— S I I

4 S8 ‘ I

P ; ]

;—: ,,ALi | T | | j | I

ad i [ N R I : SCATTERED RETURN
a1 i C I ( AT STERLING, VIRGINIA
&3 - { [ | | |
S 2 — S 4
) 1m 4 4l 1 ¥
2 294 =1 | | | = 1 OCTOBER 2, 1947 |
= I N S g [ ) 13.66 MC. 5]
Si | e
w 22 ; | 1
.§_ 20' il UL | I !fﬂ f}, —l | i I
>5-1s ! ! ; DY [ | [ il =l ] } s

16 | fu_ | 4 . |
=R N T =3 it ' [

8

——-———vv-\r\/r’w
|
|1
|
LI
——

ARRIVING SIGNAL AT ——f
SAN DIEGO, CALIFORNIA

'll|.H'11LJ”

—
P

NLL

-
b —

= —= i
s AMPLITUDE OF STRONGEST

Y PULSE AT SAN DIEGO

fLu,

__\\_‘__.7_ - A

MICROVOLTS-PER-METER  ARRIVAL TIME, MILLISECONDS

- - I L Ly
50 . ; = | '_:_ ——— = \_ =I= == / ———]
: : i i ——
1 | | T -
| g - 1 SO N, L N ___fl—,:_f‘\lg,_;a i
wl_, 2 | | f E . | ‘ | 1 (-
00[ 01 02 03 04 05 06 07 o8 (4 10 11! 12 13 14 15 16 17 18 19 20 21 22 23 24
[IIME GCT |
i3 13 ] £3 [ -
£ © e H = o - @ o g =
35 52 ;8 {12 £ 1} 3 f
we wE @ ¥ £ 5 5 8 =) i
g2 ¢ £22 wE oz o8 g2
§ 3 3 o~ B - 8 o
= =% H& 2

1400 and 2300 GCT. When the path becomes dark,
the train length decreases rapidly to about 1.5 milli-
seconds. With darkness also comes a recombination of
ions and a consequent lessening of the density of the
ionosphere reflecting layer, and the pulse trains change
from those of a diffuse structure to those having two
groups of clean pulses separated by 1 or 1.5 milliseconds.
During this transition period, the received signal often
fades out completely.

As night progresses, the pulse train becomes still
shorter, the two pulse groups previously noted converge,
until finally the signal disappears altogether. These
periods of disappearance are much longer than those

- noted in the transient period just at nightfall, and cor-

respond to the fadeout of high-frequency communica-
tions commonly experienced in short-wave broadcast
listening. Occasionally, however, as can be seen from
figure 2, the signal reappears for short periods during
the darkness hours because of short-time increases in
ion density in the ionosphere layer.

With the first illumination of the signal path, around
1130 GCT, the first effect noted at the receiving end of
the circuit is the appearance of a short, diffuse train.
When all of the path becomes illuminated, the typically
long diffuse trains are again observed.

The NEL-CRPL tests were conducted over a path
whose length closely approached the limiting distance
for one-hop F, layer propagation. Throughout the period
of the tests, the operating frequency approached the F,
layer maximum usable frequency only at night. Under
these two unique conditions certain experimental con-
clusions were reached.

One of the most significant of these is the discovery
that the optimum frequency for long-haul communica-
tions over a 2300-mile path cannot be predicted ac-
curately long in advance. This finding is tempered some-
what, however, by another discovery that a phenomenon
of back-scatter, observed at the transmitting point, 15 2
good indication of the quality of conditions at the re-
ceiver at the other end of the path. )

If pulse transmission is used for communication, this
back-scatter serves as an instantancous measurement gl
signal conditions at the receiver. It comes about in this
manner. When a pulse leaves the transmitting antenna,
it is propagated virtually without attenuation upwards
into space until it reaches the reflecting ionosphere layer.
There it is returned to earth, where again it is reﬂect.ed
back to the layer, and so on until it reaches the receiv-
ing point. This, as mentioned before, is the method by
which long-haul communications are accomplished on
high and medium frequencies. But not all of the energy
contained in the pulse is transmitted in a forward direc-
tion to the desired receiving point. Some of this cnergy,
upon being reflected back to the earth from the iono-
spheric layer, is diffused and scattered by the earth and
returns to the vicinity of the transmitter to produce the

back-scatter effect. It is the measure of the delay time
between the start of a pulse and the arrival back at the
transmitter of this scatter reflection that makes it possible
to determine the distance with which communication may
be accomplished with least signal distortion and maxi-
mum signal strength.

Pulse transmission, it was determined, offers a means
of reducing interference-type fading where single-hop
transmission is involved. In addition, it was found that
progressive lengthening of the received pulse trains takes
place as the F. layer maximum usable frequency in-
creases beyond the operating frequency, and it was de-
termined experimentally that the optimum frequency
for high-speed communications over the path is just
below the one-hop maximum usable frequency.

The experiments also provided additional informa-
tion on the actual mechanics of the reflection of a
signal from the earth and the ionospheric layers. Earth
reflection, it was found, causes serious mutilation of the
signal- by diffusing its energy. The ionosphere, on the
other hand, was found to behave almost as a specular
reflector which splits the signal into four components.

Some of the theories of electromagnetic wave propa-
gation have been confirmed by the NEL-CRPL experi-
ments while the validity of others has been questioned.
More experimentation, now in progress on higher fre-
quencies, is being conducted as part of a program to
permit the full capabilities of the higher-speed electro-
mechanical terminal equipments to be realized in prac-
tice.

Last To
Type of Approach Month Date
Practice Landings . ... .. 7,198 167,621
Landings Under Instrument
Conditions . ... .. .. .. 345 7,212
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'TABULATION OF DEFINITE INTEGRALS
OCCURRING IN ANTENNA THEORY

By LiEut. COMDR. CHARLES W. HarRisON, Jr., USN
Electronics Design Division, Burean of Ships

The sine and cosine integrals have long played an
important part in the theory of antennas. One is led
almost inevitably to these functions in deducing formulas
for the radiation impedance of antennas, whether a
simple- symmetrical center-driven antenna or an array
of antennas be involved. Specifically, suppose that it is
desired to calculate the vector potential at some arbitrary
point in space, due to a sinusoidal distribution of current
flowing along a conductor. The total potential at the
point may be obtained in terms of the sine and cosine
integrals, by integrating the contributions of the ele-
mentary sources over the length of the conductor and
taking proper cognizance of the.phenomenon of retarda-
tion. Due largely to the splendid work of the National
Bureau of Standards, in collaboration with the Federal
Works Agency, Work Projects Administration for the
City of New York, an excellent tabulation of the sine
and cosine integrals has been prepared.1-3

Several years ago the writer encountered two in-
tegrals, when formulating a solution for the problem
of coupled antennas,t similar in some respects to the
sine and cosine integrals, but not reducible to their form,
In the more modern theories of the symmetrical center-
driven antenna and antenna arrays5-7 these integrals
arise. They are defined by

H o
Sov H f snV Uz 4 2
o Nurgre

U ...........(1)

and

H
CuvH—f cos\/ Uz 4 pe2

AU ...........(2)
o Nueipe

Originally (1) and (2) were evaluated over a rather
limited range by graphical methods.4 Subsequently, a
method of evaluating them through summation of series

. appeared,8 but the labor involved is comparable to the’

graphical method. :

In 1944 the Bureau of Ships, Navy Department,
originated a computation project for the evaluation of
Suv H and Cuv H. The work was accomplished by the
Harvard University Computation Staff utilizing an 1.B.M.
Automatic Sequence-Controlled Calculator.

Table I provides a tabulation of the function Suv H
over the range ' '

0=ph =65 0=8b=63
(Bh=Hand gb =V).

The incremental steps are
ABh=0.5 and ARb=0.1

An error of less than 8.5 x 10-7 is assured for all tabu-
lated values in this table.

Table II provides a tabulation of the function Cuv H
over the range

0 =ph=65; 01 =863
with
ABh = 0.5 and ARL = 0.1

An error of less than 3 x 10-5 s assured for all tabu-
lated values in this table.

Tables I and 1l wer? prepared from photographs of
the results typed out by the calculating machine, and are
therefore not subject to human errors that might be
involved in transcribing the figures. .

A large variety of integrals may be reduced to Suv H
or Cuv H form by the processes of the calculus; ac-
cordingly, with the publication of tables I and II, such
integrals are now in the class of “known functions.”

! Federal Works Agency, Work Projects Administration for
the City of New York, Tables of Sine, Cosine and Exponential
Integrals, Vol. I; 1940,

? Federal Works Agency, Work Projects Administration for
the City of New York, Tables of Sine, Cosine and Exponential
Integrals, Vol. II; 1940.

3 Federal Works Agency, Work Projects Administration for
the City of New York, Table of Sine and Cosine Integrals
for Arguments from 10 to 100; 1942,

* Charles W. Harrison, Jr., A Note on the Mutual Impedance
of Antennas, Jour. Appl. Phys., Vol. 14, pp. 306-309; June,
1943. , ~

SRonold King and David Middleton,.The Cylindrical An-
tenna: Current and Impedance, Quart. Appl. Math., Vol. 3,
pp. 302-335 (1946). ‘ ’

8 C. T. Tai, Coupled Antennas, Proc. IRE., Vol. 36, pp. 487-
500; April, 1948. . .

* Charles W. Harrison, Jr., An Improvement in the Solution
of the Problem of Symmetrical Antenna Arrays, Bureau of
Ships ELECTRON; December, 1948.

8Sidney Weinbaum, On the Solution of Definite Integrals
Occurring in Antenna Theory, Jour. Appl. Phys., Vol. 15,
pp. 840-841; December, 1944.
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INTERPRETING SOME QHB
SCOPE INDICATIONS

The following article, most of which is taken from
SurASDevFor letter SADD/S68(05:jac) Serial 084, is
written for information and use of the Fleet.

From tests conducted using a Model QHB Scanning
Sonar Equipment, it was found that the strength of the
wake of a Guppy submarine varied considerably de-
pending on the condition of the ship’s propellers. One
submarine, upon her initial arrival at Key West, pre-
sented a very strong wake on the QHB scope at a speed
of 5 knots. After having been drydocked for propeller
repairs, little or no wake could be seen from this sub-
marine at a speed of 5 knots, even at periscope depth.
Operations with other Guppy submarines have shown
varying wake conditions which may be attributed, in
part, to the sonar conditions prevailing at the time.

If the MCC switch of the Model QHB is left in the
OFF position to increase echo strength, “lost contact”
will usually occur at about 400 yards when the target
submarine is 200 to 300 feet deep. Wake indication is
usually lost just before “lost contact.” If the equipment
is now switched to MCC operation, contact is usually
regained together with a fair wake indication.

Although wake indication is of great assistance to an
experienced QHB operator, it tends to confuse the
uninitiated. Since the wake and target echoes merge, the
inexperienced operator is often at a loss as to where to
place his cursor. In this connection, it should be pointed
out that under most operating conditions there will be
a slightly larger (thicker) echo appearing at the sub-
marine’s position at the end of the wake. The operator
should bisect this with the cursor. Under adverse con-
ditions, where no definite echo indication from the sub
itself is obtained, the operator should place the cursor
zl]vproximdl'c'l)’ half the width of a normal echo back
from the leading edge of the wake. It is of interest to
that the preponderance of attacks on

note, however, .
medium-speed submarines have been either direct bow
or stern attacks, which producc little or no wake indica-
tion. '

The operator must be alert to mnsure that he does not
interpret an echo returned by the knuckle from sub-
ion as the submarine echo, Submarine ac-

marine accelerat
a knuckle, produces

celeration, in addition to forming
considerable noise, which tends to overload and reduce
the gain of the QHB receiver, thereby reducing the
amr}llml' of wake information visible on the QHB scope.

While conducting these tests, 4 method of obtaining
carly information on submarine evasive LHERGHVELS: Tl
noted, With gain enough to produce a noise spoke on
the QHB scope, it was found that the center bearing on

the target echo differed from the center bearing on
the noise spoke. As the target aspect approaches a beam
aspect and the range decreases, this difference becomes
more pronounced and can be as much as five to ten
degrees at the time that sonar contact is lost. When
attacking a medium-speed submarine, if the operator will
closely note any changes in location of the echo in rela-
tion to the noise spoke, information on target turns
(change of aspect) can' be obtained long before the
change in bearing is noted and a change in course is
indicated.

In one instance, a beam aspect target at a range of
500 yards showed the center of the echo approximately
even with the left edge of the noise spoke (see figure 1) .
Although in this case the actual echo appeared to in-
dicate aspect by itself, such a clear-cut indication is not
normally obtained, because adverse conditions such as
high acceleration noise tend to make the echo weak
thereby reducing the presentation to one or two seg-
ments and leaving little or no aspect indication in the
echo. Theretore, under adverse conditions, knowledge of
the noise spoke—echo relationship is a great help in in-
terpreting what is taking place, as indicated by the QHB
scope presentation.

High reverberation areas are sometimes encountered
which might be of assistance to submarines in selecting
a location offering a minimum possibility of detection.
Such a high reverberation area was found off Key West
(see figure 2). The area was closely inspected by an
ASW vessel but no reason was found for its ‘existence,
Since the water depth was 120 fathoms and the rever-
beration area did not remain at constant range, it is not
believed to have been caused by bottom echoes.

In addition to indicating submarine wake, the Model
QHB Scanning Sonar Equipment gives a very good pres-
entation of wake from high-speed torpedoes (Mark 14).
Where other methods of locating a submarine are not
available, this torpedo wake indication could be used by
the ASW surface vessel to help itself to arrive at the
3111)TOXilﬂallc position of the submarine.

FIGURE 2.
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