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new intercept techniques

No subject in CIC operations is more conlrvoversial than the technique
of interception. No subject is more important. The following brief review
of new theories of interception is published to acquaint Fleet and shore-
based personnel with what other Fleet and shore-based personnel belicve
are improved methods of snaring enemy aivcrafl. “C.1.C.”7 will welcome
conments, emendalions, coniroversy.

In the early, dim days of fighter direction when an intercept yofheer
counted himself lucky if he owned a plot board and a couple of ex radio
techs for operators, the general intercept technique was to send as many
VI as possible out in the direction of a raid, pray and hope for the best.

Since the early Solomons, however, fighter direction has grown away
up. Hundreds of CIC and radar officers, and thousands of enlisted operators,
technicians, plotters now ply their trade in the Fleet and ashore; and

a book on radar and associated gear looks like a pocket (?) edition of a
Sears-Roebuck catalog.
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Paralleling this growth has been a steady refinement ot the technique : ¢
of interception. Improved equipment, experimentation with new devices
and methods, and the accumulated experience of literally hundreds ol
thousands of intercepts run against the enemy or in training have produced
a spate ol methods, sonte highly stylized as 1n night work, others, like many
day intercepts, as simple and direct as the tlight ot a 40 mm bullet. Like all
the other means and methods of waging war, fighter direction has had to
adapt itself to constantly changing enemy tactics and to utilize every capa-
bility ol our improved equipment.

The purpose of this article is to review some ol the newer methods
ol interception. Because the techniques are constantly changing, 1L 1S 11m- .
possible to be definitive. No one not on the scene can specily the exact |
type ol intercept to use; and, as any intercept officer knows, academic re-
finements frequently are .jettisoned in Fleet practice. 1he closely con-
trolled mtercept, however academic, does underline those prin(‘iplcs of pre-
cision, accuracy in timing, and attention to detail which are the constant
concern of the intercept ofhcer.

What, then, is the latest opinion on daylight interceptsr On Visual
fiohter direction? On night work? What, n the opinion of pilots and 1n-
tercept officers, is the ideal clock-code approach? What are the bases for
current methods and conclusionss?

St. Simon’s Intercept

| tions. Moreover, the position ahead of the raid, unless an altitude advantage
| 1s maintained, temporarily lays the interceptor open to attack. Opponents
of the “St. Simon’s method” argue that until altitude determination 1s
more reliable the risks involved are not worth taking. The fact that both
SM and SP can give relative altitide with reasonable accuracy, of course,
reduces the force of this argument.

In controlling the intercepting division, generally speaking, from one
to three basic vectors are necessary. First 1s a snap vector, usually at buster,
to start the interceptors out. After the “On Vector” and position report from
the division leader, the intercept othcer locates his VIF on the remote PPI
and the plotters begin to DR. Second i1s usually a correction vector to place
the VI on a more accurate heading. Third 1s the “safety vector” approxi-
mately to the bogey’s course.

In the event that no tallyho is reported an immediate turn to the
bandit’s course 1s given, followed by subsequent vectors of from thirty
to fifty degrees to port and starboard of his course. If the relative speed
has been 1ncorrectly estimated and the turn has been given too soon,
this “weave” procedure slows the interceptor down until the raid zooms
into sight. Further, and most 1mportantly, the “weave” establishes a
thorough, visual search of the area. The recent Jap practice of breaking up

0T Head On Intercept when tallyhoed, with some raiders diving for the deck and others scatter-
THE DAYLIGHT INTERCE | ing, made this search 1imperative. A method of procedure against the re-
orettable tendency of a clear, well-defined blip of either friendly or bogey
to fade from the PPI scope 1s also thus established.

With an increased CAP, the practice of back-stopping or using stacked
formations for additional protection can also be employed in conjunction
with the St. Stmon’s method.

Minor but notable new notions in intercept techniques at St. Simon'’s
include a standardized method of keeping pilots mformed on the progress
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N cewest and pcrlmps most radical (_lq);n‘lurc [rom the old methods ol
orbit or beam ;1|)|n‘n;u'|| 1s the [n‘;u'l'it‘(' Nnow l)cing followed at NR'TS, St.
Simon’s: The head-on intercept with a turn into position for a 4 to 8 o'clock
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tallyho at within three miles. The principal reasoning behind the new
method is that the high rate of closing is reduced, a position ahead ol the
attacking aircraft is insurance against a breakthrough and the mterceptors
are placed in the optimum attack position. "T'he older method—an approach
from forward ol the beam at between 10 and 2 o'clock—so the argument
runs—may ghrow the Interceptor mto a hopeless tail chase. Should the
interception have to be made close to base with the attacker pushing over

The Weave

into his dive—suicidal or otherwise—the chances ol catching him are
neglioible.

1945

Rapid development by the Japanese ol speedier aivcralt and theny
likely employment in Kamikaze attacks made 1t essential that intercepting
aiveraft et all or the majority ol the raiders—disrupting the approaches
ol those who do get through. {

SEPTEMBER

Chiel arcuments against the method center around the contention that
in order to give the interceptor the advantage, the turn must be timed with
4 maximum accuiacy—a [eat not always possible because ol radar limuita-
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ol an interception. Out to twenty miles on an intercept, initiated l".(_n'. CX-
ample when the bogey has popped up at seventy, information transmissions
are generally limited to a simple: "Bogey ahead thirty or forty.” During
the next several miles information transmissions may include enemy alti-
tude, course, speed and composition. Clock code 1s not employed in the
first 20 miles, and then only when the information is usetul to the pilot.

Whether or not the “St. Simon’s method” will find many converts in
the Fleet, its propenents point out that it effectively eémphasizes the basic
principles of the controlled 1tercept. The development of Jap evasive
tactics and less favorable visibility in the areas near the home islands of
the Empire indicated that the 10 to 20 mile tallyho might become more ol
a rarity than it was in the past.

At Beavertail (Jamestown, R.1) and Brigantine (N.].)—to mention
only two continental fiehter direction centers—intercept methods follow a
more generally established pattern. Beavertail staff members stll teach
four intercept methods: orbit, (orward of the beam. four to eight o'clock

(St. Simon’s). and 11 to one o'clock (semi-headon). Generally preterred for

oood visibility as the speediest type for a closing raid 1s the i1r to ong
o'clock approach with an altitude advantage of 2000 feet. l.ess speedy
but the best tactical position when visibility 1s not too cood, the St.

CONFIDENTIAL
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Simon’s four to -eight o'clock approach has the
advantage of bringing the pilot in at the approach
he himself will likely choose after the tallyho.
Actually, according to Beavertail staff members—
and for that matter, St. Simon’s—a combination ol
the two preferred methods—the four to eight and
11 to one o’clock—is preferable with the mtercept
planned as semi-headon and the 10 standing by
to control the fighters into a four to eight o’clock
approach if the radar information is sufficient. In
effect, this is the method also taught at St. Simon'’s,
since the four to eight o’clock position is reached
by a turn through the other clock positions.
Orbits are employed only when information 1s
poor and the forward-of-the-beam approach only
on crossing raids. |

When there is insufficient time for a head-on,
dricantine intercept ofhcers are advised to vector
VI for an eleven to one o’clock tallyho with a
2000 foot altitude advantage. The too closely
controlled intercept, according to Brigantine be-
lief, leans too heavily on niceties of calculation. A
slight error or miscalculation will place the fighter
in an impossible position and lead to a fruitless
tail chase. With new, high-speed Jap hghters ap-
pearing and likely to have been employed on
suicide missions, it was ol paramount mmportance
to keep the VF between the bandit and base.

decause Beavertail is primarily a team training
center and 10’s have developed their own methods
before they arrive, the staft concentrates on team
training and advocates no special method which
can be strictly called “Beavertail.”

Should a tallyho be missed both Brigantine and
Beavertail 107s, like St. Simon’s students, arce
taught to turn the interceptors on the bogey's
course and bring them at high speed. It a cloud
layer exists, the division mav sometimes be split
for scarch above and below the clouds. DBacksteps

are also used if thev are available.

VF(N) INTERCEPTS

3y nature the night imtercept 1s a highly spe-
cialized technique. Although a day fighter may
tallyho at ten or even fifteen miles, the night
fichter must be so positioned as to be within two
or three miles of his target. Moreover, he must be
at a relatively exact—plus or minus roo fect—
altitude.

There have been two major handicaps i the
development of the night intercept: The difh-
culty experienced by pilots who must fly their
planes and operate their radars expertly at the
same time, and the imperfections ol the airborne

oear itself. The evolution of nmight fighter direc-
tion—SCI (ship controlled interception) has been

a constant effort to master these two handicaps.

Substantial technical progress has been made
with the AP/APS-6A although as a recently re-
turned Air Group Commander put it, “with the
Japs getting so good at countermeasures and
evasive action, we’'ve got to have better night
fichter radar in a hurry. The load on the night
fichter is getting to be grave. He 1s going to need
some help pretty soon.”

Many action reports stressed the fact that Jap
night flyers finally employed evasive tactics which
have also materially increased the problems of the
night fighter and the night controller.

Indeed, development of Jap evasive tactics no-
ticeably approached the German degree of skill
in night operations. Contrasted with the night-
flying Jap of the Solomons in early 1943, who came
in almost invariably at 6ooo feet, the OKkinawa
Jap was clever and elusive. He came 1n to the
attack, roller-coaster fashion, in spiraling orbits,
changing heading and speed constantly. More-
over, he knew when he was being pursued.

The first and foremost answer to these tactics
by intercept officers has been a general tightening
of control. Instead of a series ol hopelul vectors,
VF (IN) controllers have ol necessity begun to
exercise increased precision, acting more fully as
the fighters’ eves up to the time either the pilot or
his electronic eye can do the spotting.

Although the basic principles of SCI remai the
same and are well known to CIC personnel’, they
may profitably be reviewed briefly to 1llustrate
this principle.

There are according to NRTS, St. Sumon’s.
three fTundamental tyvpes ol SCI mterception: 1—
Curve ol Pursuit; e—Cut-off Vector; g—Head-on.

In the Curve of Pursuit method the hghter 1s
kept on a heading directly toward the target. 1he
VF (N) proceeds toward the target m a gradual
curve ol steady approach on a series ol vectors
which mav come seconds apart. Because 1t 1s slow.
the method is eenerally recarded as the least likely
to succeed in intercepts against newer and speedier
Jap aircraft. :

The Cut-Off Vector method automatically takes
into account the possibility ol higher speeds since
it 1s based on the general principle ol an almost
equal speed of target and fighter. The intercep-
tion is planned by selecting a point on the target's
projected track and vectoring the VI (N) out at a
speed which will guarantee the simultaneous ar-
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LECLE”, Jane 1915, page 2+
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rival of bogey and VI (N) at that poimnt. Roughly
three miles helore the fighter reaches the bogey's
projected track, the hghter is turned to a so-called
calety vector which puts the hghter on a track
which will intercept that of the bogey at an angle
of o degrees. When the VFEF (N) has rcached a
point on that heading [rom  one-halt to three
quarters ol a mile distant [rom the target's pro-
jccted track, he 1s given a turn to the bogey's
course.  Chiel hazard of the Cut-Off method 1s
the dancer of bringing the VI (N) m too lar
astern. Close control of VF (N) speed and alert-
ness to the necessity of correcting the vector, how-
cver. minimizes the danger of over-shooting.

The third fundamental SCI intercept—and the
most difficult to handle—is the Head-on Intercep-
tion. The approved method ol executing this in-
tercept is to send the fighter out on a vector but
slightly off (i.e., roughly four miles) the reciprocal
of the target's course. At a point approximately
five miles from the target, the VF (N) is ordered
to the safety vector and then to the target’s course.
Similar to the new St. Simon's daylight 1intercept,
the night Head-on holds one similar hazard: The
danger of missing the turn at the crucial point,
through lack ol radar information or communica-
tions latluare.

With these three types ol mtercept recarded as
bhasic. St. Simon’s-trained SCI  controllers are
taught to utilize such variants as the tactical situa-
tion demands.

The speeds of newer Jap planes dictated modifi-
cations ol these tactics. The eftective range astern
in interceptions has generally decreased—Irom
three to one mile astern. Pilots training at hghter
direction centers are thus indoctrinated to high
overtaking speeds and controllers to more accurate
positioning of the VI (N).

Although a small altitude differential below
the 1‘:11*;;:;(1 is still standard procedure, there are
instances in which an altitude advantage above the
target may be necessary and desirable. NRTS, St.
Simon'’s SCI students thus sometimes position
Gohters above the target when a bright undercast
can be used to silhouette the target. The principles
which dictate the normal position below the tar-
oet—the normal lightness of the sky 1n comparison
with the sea. and the fact that the darkening ol
the stars as the bogey passes are valuable aids
visual spotting, and the ability to exercise Speed
Control by reducing speed without changing
throttle setting or Haming exhausts—hkewise dic-
tate the :1111)1‘0;‘1('11 rom down moon which 1s
emphasized at NRTS, St. Simon's.

CONFIDENTIAL

It is possible that the need lor visual i1dentihca-
tion mav be obviated by the future development
of an electronic ounsieht for blind firing and the
development ol more positive TFF.  However,
antil these equipments become reality, the need
[or visual spotting will contimue to demand close
attention to lieht conditions.

For night or low visibility mtercepts a new
technique has been devised by the Beavertail staff.
Beavertail 10’s employ a modification olb the
British controlled turn. The intercept is initiated
by placing the VI (N) 6o degrees off the bogey’s
course (i.e., at ten or two o'clock) from the bogey
at a distance of six miles. At that point a thirty
deoree turn in the direction ol the bogey's course
is oiven. Two miles later another thirty degree
turn is ordered, placing the VI (N) approximately
a1/ miles, ten or two o'clock from the bogey, and
in a “Punch” position. If the VF (N) fails to make
contact alter two miles on the second vector, an-
other thirty degree turn is ordered. As this turn
is made the VF (N) is off the beam of the bogey at
about 114 miles, and 1 the ten or two o'clock
position. If a contact 1s stll not forthcoming, an
additional 50 degree turn brings the VF (N) to
the bogey’s course about one-hall mile astern.

Advantages of the “Beavertail method”, 1t 1s
arcued, revolve around the lact that a maximum
number ol effective contact positions are obtained,
the intercept is conducted at high speed. and a
better position 1s achieved in that the VF (N) 1s
kept clear of the tail gunner and any possible tail
warning devices which have been developed by the
Japs. Moreover, the tendency on the part of night
controllers to bring the VF (N) too far astern of
the bogey is minimized.

Other recent suggestions for improving SCI
have included recommendations that night mter-
cepts be conducted at the highest feasible speed
and that the practice of specifying fighter speeds
be dropped since the relative position ol both
fichter and bogey are readily apparent on gl Pl
scope. Higher speed can be obtained by mitially
stationine VF (N) at altitudes well above the antic-
ipated angels of the ntercepts and losing alti-
tude as it becomes necessary to increase speed.
New, high-speed Jap reconnaissance planes found
their advantage reduced—at least in the initial
stages of the intercept. Another sugoestion has
been to allow the pilot to choose his own relative
altitude as he nears the point of interception since
he is the one fully informed on light and visibility
conditions in the target area.

Not new but receiving added stress in training

= e =
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programs are such principles as keeping pilots—
particularly night fighters—fully informed on the
progress of an interception, avoiding hard turns
unless they are very necessary, and keeping on
the alert for enemy fighter cover over night raid-
ers. Although the JAF did not use fighter cover
for night raiders, there was always the possibility
that they would do so. Returning dawn and
dusk patrols of VF(N) should also be joined
in sections or divisions for mutual protection
whenever light conditions are adequate for day
tactics, according to the newest SCI practice.

VISUAL FIGHTER DIRECTION

Wherever 10’s gather, the subject of Visual
Fighter Direction 1s sure. to bob up. No subject
in fighter direction is more controversial. Opinion
—usually heated—ranges from the opinion that
visual interception is relatively useless to the op-
posite opinion that it is essential. Recent experi-
ence with low-flying conventional Jap attacks and
hich or low-flying Kamikazes, some ol whom have
come in undetected by air search radar, would
seem to vindicate the visual enthusiasts.

[Late enemy tactics—splits and breakaways alter
the tallyho with singles weaving in on the force—
indicated that the Japs were aware of the defi-
ciencies of our search radar and of the difhiculties
experienced in separating the bogies from the
large numbers of friendlies in the vicinity ol our
operations. In some instances visual fighter direc-
tion 1s thus eftective and necessary.

Current trends, with the shift of control from
CV’s to screening DD’s or BB’s, have also answered
the objection of carrier people that their position
in the center of the force prevents them from mak-
ing effective use of the visual station.

Chief development in visual intercepts has been
toward simplification to save valuable time and
to transfer the load from the pilot to the Visual
Intercept Officer (VIO). Instead ol the conven-
tional “Port g0” or “Starboard 60" NR'TS, St
Simon’'s—trained visual FDO’s calculate the ex-
tent of the turn themselves. After the mmitial vec-
tor—""Mohawk #». "T'his Mohawk Snap. Vector
Pronto 150. '—directions are simply: “‘Starboard

(or Port) Out.” When the course has been suffi-
ciently corrected, the VIO orders: “Steady. Out.”

No acknowledgment 1is required from the pilot.
Busy searching for the enemy, he need not take
time out to watch the compass. A constant flow
of information also goes out to the fighter. With
the advantage of a full view of the intercept pic-
ture, the VIO can supply his ighter with the exact
number and type of enemy planes, their altitude,
relative motion, position and range.

Since sighting the enemy i1s the immediate ob-
jective and the lower the fighter the better the
visibility, current visual fighter direction practice
at St. Simon’s does not stress either position or alti-
tude advantage. Pacific Fleet Radar Center 10’s
are trained to intercept at a pomnt about one mile
inside and on the bow of the bogey; however, as
at St. Simon’s, speed 1n 1nterception—ftull military
power with most turns hard starboard or port—
and quick sighting receive the most stress.

Most visual intercepts are normally conducted
with the VF at roo feet, and an altitude advantage
of two or three hundred feet 1s desirable. Under
low cloud cover conditions when visibility 1s ex-
ceptionally bad; the tallyho may be accomplished,
however, from slightly below and behind the
bogey. Care must be taken, as in all intercepts, to
see that the intercept does not turn into a fatal
tail chase.

Pacific Fleet Radar Center's Visual course em-
phasizes the fact that the visual FDO must have
cood eye sight, especially with respect to depth
perception and must be given ample opportunity
for practice, with much emphasis on recognition.

Two additions to the visual vocabulary have
recently been recommended:

“Tallyho Pounce”—I see and will be able to
bring the bandit under eftective attack.

“Tallyho Heads-up”—I see bandit but will not
be able to make an effective attack.

Briefly stated the foregoing represent the latest
notions in fighter direction. As our radars are per-
fected, the intercept officers’ technique will con-
tinue to change and improve. Perhaps for some
years to come, fighter direction will continue to be
the Fleet's long arm ol defense.
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ou, in vour airplane, are directly over the

airficld because vou are a good navigator,

and vour calculations show that's where you

should be. Not that you can see the field!
Your altimeter reads 1,000, and you are sitting on
top of a fog bank whose bottom, as [ar as you can
tell, rests squarely on the runways. You call the
control tower located somewhere down 1 the
soup, and they confirm what you have already
surmised:

“Field closed 1n ceiling one-hundred-hfty
fcet . . . visibility half a mile. . . .”

I'ly on to the next held: (Sure, only this 1s a
Pacific island airbase, and there’s a helluva lot of
water without bourbon between bases.) Bale out?
(Same thing coes about the water.) DBut wait!
The voice Irom the control
suggestion:

“We are turning you over to GCA,” says the
voice from the tower, and then a new volice comes
over your earphones:

“Hello Navy one-seven-two ' — (that's  you)—
“this is Pelican. What is vour altitude, heading

and uppm,\im:llc ]msilinn. overr?

tower has a

And you answer: “This is one-seven-two, Angels
=. heading onc-two-zero, somewhere over the held
—I hope.”

The voice comes back: "Roger, one-seven-two,
we have vou in sight five miles east of the held.
This is the Ground Control Approach Director—
do you understand?”

You don’t understand. What the hell's this
Ground Control Approach. It's not on your 1in-
strument panel—as far as you know. The voice,
a quiet, reassuring voice, continues on Channel
Yaker:

CONFIDENTIAL

Janding pattern so lar.

“Please [ollow our directions and we will bring
vou down to the end of the runway where you
can touch down visually. What is your aircralt
type—over?”

You tell him.

“Continue on course one-two-zero,” the voice
continues. “You are now heading downwind.
Make your cockpit check now.”

Roger. You check.

“You are six miles east of airport. Steer right
LWO-0ONe-Ze1r0, over.

“Wilco—steer right two-one-zero,  you answer.

“You are on your crosswind leg six miles from
the airvficld. Fly at two-five hundred, over.”

Nothing new about this. Just the conventional
Downwind, then cross-
wind, then:

“The runway is fooo feet long, 150 leet wide.
You will make a richt hand approach to the run-
way. Steer right two-nine-zero, over—-

You ouessed it. The final leg! A new voice
comes over your earphones. A voice as smooth as
an announcer giving out with commercials. A
voice as relaxing as a Swedish massage:

“You are on vour final leg .
cdee further transmissions LWO-NINE-ZET0 18
yvour heading . two-nine-zero . . . five miles to
end of 1‘1111\\'{1}.' ... wind on the surface northwest
five . . . lose altitude five hundred feet per minute

two-eight-five is your new heading . . . two-
eioht-five . N

Not hurried. Just a steady flow ol directions,
casy to understand. Losing altitude at the normal
five hundred-feet-per-minute.  Adjusting your
course now. The voice continues, quietly, con-
fidently:

do not acknowl-

GCA lands
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you with ceiling zero

“Four miles to runway . . . Drifting shghtly
above glide-path . .. Down fifty feet . . . forty . . .

thirty twenty . . . On glide-path now
that’s correcting nicely .
heading ... "

Certainly you correct nicely. Youre a good
ptlot.

“Three miles from runway .
ocear down and locked . . . Steer two-nine-zero .
two-nine-zero 1s your new heading ... You're
twenty feet below glide-path . . . Up a shade .
You're holding ten feet above—bring it down just

a little that's fine . Glide-path very good

FAs \

two-eight—ﬁ\'c 1S your

check landing
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.. . Sull two-nine-zero . . . Your heading 1s two-
Nnine-zero . two miles from end ol runway
Glide-path good . . . Mile and a hall from run-
WaY. e s

L.ike scooting down a sliding board when you
were a kid—that’s this glide-path business! Just
lollow directions:

“One mile from runway . two-eight-eight 1s
your heading . . . two-eight-eight . . . going above
the glide-path twenty ... ten ... on glide-path one-
half mile from end of runway ... "

You're squinting now. What runway? You
don’t see—but wait. You do! There 1t 1s, directly
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ahead, looming out of an opaqueness that you
know stretches from here up to there, five thousand
feet up:

“Runway straight ahead. Take over visually.
This is Pelican, out.”

Almost at the same instant your wheels touch
and you are down on the ground once more. Five
thousand feet of soup, and you came through it to

make a landing. You and your “co-pilot’ . . . the
GCA controller!

How did he do it—what brought you down?
You did not line up crosshairs on an mstrument
face, nor did you switch gadgets on and oft; 1n
fact, you flew your plane as you would on any
conventional landing, except that—shades of pre-
commissioning days—you were given constant coms-
pass headings to follow, and coached on your rate
of descent. Those directions came to you oOver
your radio on a common frequency band that 1s
standard in all airplanes. There was nothing new
that you had to know, except, perhaps, how to
have confidence in someone’s judgment . . . and
some ‘‘gear.’

GCA USES THIS EQUIPMENT:

That “gear,” according to the Instruction book,
is the AN/MPN-1A: “A mobile ground radar
system providing facilities for directing the move-
ment of aircraft over a pre-determined glide-path
for a safe approach to an airdrome runway under
conditions approaching zero visibility.”

This mobile ground radar system Kknown as
Ground Controlled ;-\pproach equipment, oOr
GCA., is mounted in a specially designed trailer.
The trailer is set up on the airfield approximately
three hundred feet from the center line of the
runway (to the pilot’s lelt on an approach) and
three thousand feet from the downwind end ot
the runway. It is easily recognizable by the large
search antenna reflector which is mounted on top
of the trailer.

As you enter the trailer you note that, similar
to a CIC. the illumination is low, the only hght
coming from PPI scopes. What appears to be one
oiant radar console actually houses two radar sets:
one a search system for directing aircralt mto
the narrow “glide-path’” area which is scanned by
the second set, a precision set that provides con-
tinuous range, azimuth and elevation 1nforma-
tion on the plane being controlled on the Iinal
L.ev.

Five men make up the crew in the trailer

seated before the console, four radarmen reading
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scopes, and the final conuroller, usually a naval
officer. In the air, you would hear the voices of
three of these men, the two radarmen ‘“‘directors”
and the controller who ‘“‘Talks-down” the plane
along the glide-path during the Final Leg. All
information is carried over an ordinary two-way
communication system operating on either the
HF or the VHF bands. In front of the controller
and the directors are push-button arrangements
giving them three HF and three VHF selections.
Once frequencies are set up on the transmitters,
all the director or controller has to do to switch
channels is press one of the six buttons.

THE VOICES YOU HEAR

The voice of the No. 1 director, a radarman, 1s
the first to be heard when you report to GCA for
instructions on landing. He uses a PPl scope
with a go mile maximum range. It you were a
pilot familiar with GCA procedure at advanced
base, say Okinawa, you would call 1n:

“Hello Pelican, this is Navy five-one-three-zero-
nine. Request ground approach control, over.”

And it would be No. 1 director who would
answer: 'Navy five-one-three-zero-nine—this 1s
Pelican. What is your altitude, heading and ap-
proximate position, over:’

You would give him this information, and he
would pick you out on the PPI scope. It he were
doubtful just which blip represented you, he
would give certain steers so vou would be flying
in a pattern he could recognize on his scope. Once
you were identified he would report to you over
the radio channel you are using:

“You are in sight.”

No. 1 director assigns the altitude and heading
to fly to start you, as a pilot, on your landing cir-
cuit. No. 1 director gives vou the mnecessary 1n-
formation concerning altimeter setting, field eleva-
tion, runway dimensions, wind data. No. 1 directs
you to perform your landing cockpit check: No. 1
is a combination “Information-please” and super-
navigator who, by careful radar checks, brings you
to a point where you begin your cross-wind leg ol
the landing pattern. At this point, No. 1 director,
on intercom, calls No. 2 director who 1s the next
man to his left and gives him your call, range,
clock position, altitude, heading and channel.

On a PPI scope, identical to the go-mile
maximum range scope used by No. 1 director, No.
> director picks you out on his scope and directs:

“Three-zero-nine—steer richt one-six-zero, over.”

You follow directions.

Interior of GCA trailer. No. #1 Director’s position is last “glass showcase” to rear of van. The panel between No. #1 and No. #2
radar sets is communication setup to tower. Note “error meter” in foreground and cursor crank directly under azimuth precision scope.

“You are on your crosswind leg seven miles
from the airport. Fly at two thousand five hundred
feet—over.”

Thus the No. 2 director brings you to a point
where vou start your up wind approach along the
“olide-path.” Here the final controller takes over:

“Steer right two-nine-zero . .
fiial leos, . "

. you are on your

Now vou are within the precision system of
GCA in both azimuth and elevation, a system so
exacting that the original U. S. Navy specifica-
tions requiring that aircraft be brought n to with-
in 150 feet above terrain have been exceeded
every time in tests made in Gainesville, Georgia,
where the elevation beam was proved to be ac-
curate within six feet and the azimuth beam
within twenty feet.

The controller sits before an Approach Con-
troller Meter (see illustration). To his right 1s
the radarman azimuth tracker, and at his left, the
radarman elevation tracker. Each ol these pre-
cision trackers has two scopes before him, one with
a ten mile range, the other with a three mile
range. Actually, the three mile scope 1s an en-
larged presentation of the last three miles ol the
approach as shown on the ten mile scope.

THE FACTS OF GCA PRECISIOIN

The precision system scans 20° 1n azimuth,
sweeping across the end of the runway. Once a
plane 1s picked up on the 10 mile range scope, an
“on course’ line is established, and the azimuth
tracker follows the aircraft with a hairline or
“cursor.” The difference in feet between the
cursor, representing the actual position of the air-
craft, and the established “on course” line 1s
automatically shown on the azimuth error-meter
in front of the Final Controller. There 1s very
little possibility of the “human error” element
entering the picture: it i1s only necessary for the
Controller to determine the compass heading that
the plane should fly to correct for the error in
feet. Controllers usually correct in five degrees
only, out past the two mile range, to make 1t
easier for the pilot. Once a plane is within two
miles of the runway, the Controller will correct
in exact compass headings:

“Your new course 1s two-eight-eight .
two-eight-eight . . . "

Most planes are “‘on course” almost immediately
after making their turn from crosswind to the final
leg, and there are few course changes necessary.

CONFIDENTIAL
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A Both the three-mile range and the ten-mile range scopes are
= inches in diameter. The “blip” on the three-mile range
clevation scope is a house one mile from the GCA trailer,
The corresponding “Blip” can be seen on the three-mile range

azimuth scope.

B

The precision system scans 7= in elevation, 6°
above the ground and 1° into the ground. Thus
a permanent radar ground line 1s established, and
an accurate glide-path may be set up anywhere
from a 2° to 5° angle from a definite touch down
point. The glide-path, which 1s the angle the path
of a descending plane makes to the ground, can be
shifted for various types of planes.
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d A hand crank controls cursor for tracking target in elevation.
Foolt [.Jt’dal’s control azimuth antenna in elevation.

4 Twenty-degree sweep is controlled by the crank, the foot ped-
als controlling the elevation antenna in azimuth.

Again, with the use of a cursor, the elevation
tracker automatically cranks into the error meter
information on the number of feet the aircraft 1s
above or below the pre-determined “glide-path.”
The Controller reads these figures from the meter
in giving instructions to the pilot:

“You are fifty feet above the glide-path . .
forty . .. thirty ... twenty ... on ghde-path ..."
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On the three-mile range elevation scope, the
picture ol the terrain is so complete that houses.
towers. radar vans and the like show up as perma-
nent blips that take on characteristic shapes ol
these objects. For .this reason. it is possible for
the Controller to give useful information to
pilots on possible hazards, such as:

“Vou are two hundred feet above Mount Sura-
bacht e ~

With two radarmen doing the actual tracking
of the aircraft on the precision system and crank-
ino in the errors on elevation and azimuth 1nto
the error-meter, the Approach Controller has all
information necessary for a successful “talk-down”
approach: he 1s not hampered in this perlormance
by having to do the manual work ot maneuvering
the cursor to check the path of the incoming
planc.

HOW GCA TEAMS ARE TRAINED

It is obvious that to pass control ol the plane
from No. 1 director to No. 2 director and finally
to the Approach Controller who instructs the pilot
on the last leg of the approach requires a cood
deal of tcamwork. The question might arise: why
not have one man do the talking to the pilot:
Once vou have watched a crew perform, the
answer is simple: to have the controller shift from
the search set to the precision system would 1n the
small space provided mean considerable lost mo-
tion—and confusion. This shifting the aircraft
from directors one and two to the Approach Con-
troller makes each man a highly trained specialist,
and the maneuver is performed as neatly as a
championship basketball team passing the ball
around. To reach this high degree of ethciency
takes trainineg, of course, and following a confer-
ence ol 1*(*})1"(*50111;11i\'cs from BuAer, BuShips, and
CNO. the Naval Air Technical Training Center
was set up in Gainesville, Georgia, October,
1043.

At the present time, three complete GCA units
(Component 22) are being sent from the school
each mongh. A unit consists of three ofhcers and
fifteen enlisted men with the officer-in-charge an
active Naval aviator with a white or green mstru-
ment card who has had considerable experience
in flying GCA. In addition to his administrative
duties, he briefs pilots who have not flown GCA
hefore. and can take over most positions 1n the
GCA setup.

The approach controller must have “oood mi-
crophone technique” and must have a thorough
knowledge of the flicht characteristics ol all types
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ol aircralt. A maintenance officer, (E) T, keeps the
gear functioning properly at all times, which 18 no
casy job considering there are two complete GCA
mobile units to insure against possible breakdown.

Of the fifteen enlisted men, ten are radarmen.
(wo motor mechanics, two radio technicians and
one electrician. The radarmen are trained in all
of the four “crew” positions, but eventually spe-
cialize in one ol the spots, those with the best
microphone techniques taking over the No. 1 and
o directors’ positions.

The GCA course lasts three months, with the
last month devoted to working as a crew with
actual aircraft approaches. An average ol forty or
more approaches are successtully completed each
day so that a crew claims that with so much practi-
cal experience: “We can land anything from a
Cub to a B-29.”

At the present time, thirteen of these GCA units
are overseas and are setting up, or have set up.
Ground Control Approach Systems in Saipan,
Guam. Palau, Okinawa, and presunml)ly “points
west.

HOW GCA ORIGINATED

The philosophy which started GCGA on 1ts way
was this: If Microwave Radar can locate a plane
from the ground precisely enough to shoot it
down, it is capable of the more constructive task of
ouiding a plane to a safe landing 1n conditions of
blind flying.

This basic idea was conceived in November,
1941, by Dr. Luis Alverez and was first tried at the
Radiation Laboratory of the Massachusetts Insti-
tute of Technology. It was decided at this time
that GCA would make a clean break from conven-
tional blind landing systems; instead of putting the
information on a meter in front of the pilot, 1t
would be told to him verbally. This would elim-
inate the need of new equipment in the planes and
the pilot would have most of his thinking done for
him by someone on the ground.

The first experiments using aircraft were con-
ducted at Fast Boston Airport and at NAS Quon-
set Point using gun-laying radar for the precision
system. It was obvious from the beginning that
this gear was not sufficiently accurate at low glide-
path angles, to successfully bring planes in for an
approach, but it did prove that the “talk-down”
principle was good providing the controller had
accurate information as to the elevation and azi-
muth of the aircraft at all times. The Radiation
Laboratory at M.I.T. then developed special radar
antennas and a presentation for high precision

- ™0 "

radar at low angle, combining this with a search
system for traffic control. ‘This was the Mark I
GCA and was ready for a test a year later, Novem-
ber, 1942.

Mark I GCA was operationally a big success,
but technically not practical for forward area use.
This brought about the development of the Mark
II GCA set which was exhaustively tested by the
Navy operational personnel and was accepted 1n
August, 1944. Six complete units per month are
being manufactured at present.

The first sets were set up 1n Gainesville,
Georgia, Whidbey Island, Washington, Attu and
in Africa. In six months, approximately 10,000
successful approaches were completed to conclu-
sively prove the dependability of the system.

PILOTS NEED TO LEARN ABOUT IT NOW

One of the difficulties being experienced, both
in the forward areas and in the states, is the logical
problem that the secret and confidential nature of
GCA during the development period has neces-
sarily made it “little known” to the man who must
use it . . . the pilot.

This article, for instance, 1s one of the first ac-
counts to be given fleet-wide distribution.

An example of this is the pilot of the B-29 un-
able to land at Iwo ]Jima because of weather con-
ditions. He had never heard of GCA, and when
it was explained to him over the radio, he chose,
instead, to attempt to land without the Ground
Controlled Approach. Several passes over the field
convinced him he could not find the runway—and

Mount Suribachi was a mental hazard looming

somewhere out in that soup. When the effective
ceiling was only 100 feet and the visibility less
than a mile, the GCA crew took over. Although
this army GCA crew had worked only with P-61s,
a B-2g pilot was brought in the trailer for consul-
tation. The stage was set for GCA’s greatest test:
rain, strong crosswinds, severe turbulence near
Mount Suribachi—the weather so bad that the

pilot had to fly the rudder and the co-pilot the
elevators. This alone made it extremely difhcult
in lining up the plane to accurately follow the
glide-path. Finally the pilot called down to GCA:
“Either get me down—or shoot me down . . . there
isn’t any more gas.’

GCA did bring the big B-29 down, without
shooting it down. A grateful plane crew wrote
letters of thanks to all of the GCA crew. Since this
incident of 4 April 1945, B-29’s have been landing
regularly on Iwo Jima—as high as twenty in one
day. Now all B-2qg pilots are being briefed in GCA
and making test runs.

IT HAS A ROSY FUTURE

It is difficult, at this time, to predict the future
of GCA and how far it can go. There have been
several successful “Talk-down-to-touch”™ when pi-
lots, under a hood, actually were brought down
and landed without visual contact. This, of
course, 1s not the claim of GCA—that Ground Con-
trolled Approach can actually bring the plane
down to touch, but rather that a plane can be
brought down during almost zero conditions, and
the pilot takes over visually within a hundred feet
or so above the runway. No doubt when GCA
units, now in the field, have had more experience,
there will be more and more cases of “touch-
downs’’ or near touch-downs being made.

Several commercial air-line officials have recent-
ly made trial runs at the Anderson, South Carolina,
field and have expressed confidence in GCA as a
post-war plan for all commercial lines.

At this same field, in Anderson, the practicabil-
ity of using a “stacking” system for trafhc control
was demonstrated when thirteen approaches were
made in the elapsed time of 36 minutes, fifty-two
seconds, or an average of 2.81 minutes per ap-
proach . . . . and preliminary tests, using a modi-

fication of the present GCA equipment, have dem-
onstrated successful carrier controlled approaches

for landing at night under blacked-out conditions
—the birth of the CCA!
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sector plan for AA coordination |

Prior to the Okinawa operation the USS ESSEX
originated a new sector plan of A coordination
which strikingly resembles the plan of task group
ffl_f-_:/zfr‘} {{J'P'f'f'fflfl?f. :{ffujlh't‘f c’\'/’H’?'i!Ht‘Hfr’[”_\‘ !?\‘
Task Group 58.5 and later taken by all groups
aof Tuask Force 59, the success of this plan 1n1ts
first use is revealed by action reports of the USS
NEIV JERSEY and other participating sltifps.. Fil:
ting these together. here 1§ the story which shows

the offective use of CIC facilities in coordinating

i

-

our defense against enemy aiv attacks on Cruising

10O MationNns.,

Mask (;lull[a 0.9 Was divided 1Hito 1our sectors
ol responstbility o A\ defense. All ships in cach
quadrant covered the same sector, (rather than
assiening cach ship an individual sector based on
its bearine from the center ol the disposttion as
was done previously). DBy thus creating four fire
oroups the AN coordmator in TG 58.3 was able
to place the best situated fire power on a target
while the remainine sectors were left free to m-
vesticate other targets or search n their immediate
¢ areas. Une or more
sectors may be oOr-
dered to hold hre
5 salegward
friendly planes
while the batteries
of other sectors arec
released to hre on
known bandits. Ihe
importance of divid-
ine the work load
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is particularly advantageous when numerous planes
wtack simultaneously, for no one bandit draws al’
the fire while others press home therr attack with-
out adequately being taken undey fire. Dv settimg
up this small number of fire groups the communi
cation traffic of the AA Coordination System can
be much more expeditiously handled than when
cach ship is an independent firing unit. Every ship
in the group has all pertinent gunnery mlorma-
tion. can fire whenever desired, and can feel frec
(0 concentrate on its own targets with no respon-
sibility to what is going on in other sectors.

Ihe A\ Coordination Svstem was planned witly
attention to detail. This was particularly notice
able in recard to the special and cthelent voiuce
procedure lor use on the VHF cirvcuit in Task
Group 58.3. A well defined and ethcient search
plan using fire control radars was placed m eftect.
The directors are not designed for constant train-
ing ,over a sector, and rotation of a director 1s
quite a ditferent thing trom just rotating an an-
tenna. But despite this limitation on CONtINuOus
search bv fire control radars, their use gives bet-
ter coverace of the short range area out to 20 miles.
Within 26 miles air search radar is often unrehable
and visual sightings cannot always be depended
upon. lLookouts, directing their reports to a sinele
station, provide clearance ot all friendly aircralt
approaching the formation. As expressed by the
Commanding Ofhicer, USS HORNETL: “Such
close liaison between ships has the eftect of "pool-
ing’ all pertinent information as well as combining
the AA batteries of all ships into one well organ-
ized and coordinated task group battery.” The

CO. USS ENTERPRISE adds: “Reporting ships
must be positive of enemy identihcation, other-
wise erroncous reports will clog the AA channel
to the extent that the ‘alarm effect” of a report on
a real bandit may be nullified by the great num-
ber of cries ‘woll” ™.

Another reason for the highly effective coordr-
nation achieved in 58.9 is that the anti-aircraft
control officers of the ships ol that group were well
informed regarding the purpose and use of the
system, having attended a conference aboard the
U'SS ESSEX prior to the start ol the operation,

FLAGSHIP OPERATIONAL TECHNIQUES

In this plan the Flagship should have as much
nformation—in the nature of a complete track—
on its own radars as possible to get maximum co-
ordination with the AA Director. 58.3 Task Group
A\ Coordinator took station in CIC, USS
FSSEX. Usine a small plot, he coordinated the
information on the Task Group FDO plot with
his small AA cunnery plot and had the use of his
ship’s SC-2 radar when the bogies approached to
within 20 miles of the task eroup. The ESSEXN
has constructed a special cover for the Master PP
Scope with 15 mile range markers for the use ol
the operators. Ranges and bearings are read di-
rectly from the PPI scope without the use of the
cursor. In addition, the operators are required to
track all contacts with a grease pencil on the Mas-
ter PPI Scope. Any new contact picked up by the
SC-2 is interrocated by the SK to determine
identity. If the SK does not have the contact, sup-
porting ship (and or the SC-2) are requested to
interrogate the contact.

In case of a multi-plane attack, an ofhcer on a
Remote PPI, using the 20 mile range scale, reads
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ranges and bearings on enemy contacts closing the
disposition for purposes of coaching FD radars
onto target and also for purposes of maneuvering.
The small bearing and range errors resulting tfrom
such procedure are negligible in view of the
speed and ease with which many contacts can be
handled simultaneously.

Information is exchanged between the Coordi-
nator, who personally uses the transmitter to-
oether with the headset during Conditions ONE
and General Quarters, and gunnery personnel 1in
ships in the group over VHF. It was at first be-
lieved that no separate VHF channel for AA co-
ordination was necessary and that such use of the
Tactical (Administrative) channel would not
seriously impair the flow of administrative trafhc
for any appreciable period of time. However, ex-
perience has demonstrated that not only 1s a sep-
arate channel necessary to handle clearance reports
on friendly aircraft and other coordinated 1n-
formation, but also it seems desirable to maintain
a 24-hour gunnery watch on this circuit in CIC.

GROUP COORDINATION AT WORK

When enemy waters were entered, ships of the
Task Group were kept advised of the progress ot
interceptions. The altitude and location ot CAP
were announced over the AA circuit, assisting
ships in picking a bogey target instead of CAP
when more than one target was picked up by fire
control radar. This information also served to
reduce the frequency of lookout reports of ‘bogey,
overhead, high’. I instances where some bandits
evaded or broke through the intercepting aircraft,
ships were warned whether our fighters were fol-
lowing the bandits in, or if they were breaking
off interception. Prompt warning was given of the
approach of all friendly aircraft as well as bogies.
Individual ships were encouraged to aid in the
identification of bogies and did so. It was clearly
understood that the AA Coordinator would desig-
nate which sectors were to take which closing tar-
gets under fire. This free exchange of informa-
tion has done much to eliminate uncertainty on
the part of individual ships in certain situations
regarding whether or not to open fire. Yet, when
surprise attacks develop the initiative of each ship
to open fire at will against an identified enemy
plane remains undisturbed.

Even though most of the information that goes
out over the AA circuit duplicates what goes over
the Fighter Director Circuit, it 1s felt that every-
thing is to be gained by the repetition and noth-
ing lost. Recent enemy tactics were to disperse
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large formation flying just outside intercept range
(50-60 miles), following erratic course changes for
the remainder of their approach. The fighter di-
rector channels, of necessity, will provide informa-
tion on dispersed groups involved in interception
and may not be able to furnish information on
small groups closing the formation but not being
intercepted. The AA channel, coordinating spas-
modic tracks and visual reports from all ships,
fills in with information for gunnery concerning
any dispersed groups that have evaded intercept
which the other channel i1s too busy to adequately
cover.

In the initial trial of this setup in action all
bandits approaching the disposition were cor-
rectly evaluated. No bandit contacts approached
the disposition within six miles from the center.
All were taken under fire at extreme gun range.
Altitudes of contacts varied from 1500 to 6000
feet. On one occasion the Task Group was under
attack by four separate bandit aircraft between
approximately 1g9oo and 2130. Two were de-
stroyed. A heavy fire was delivered by the Task
Group and warnings as to location of adjacent
riendly Task Groups and pickets as well as care
in regard to location of adjacent ships in own dis-
position contributed to lack of any damage by
own AA fire.

Large ships in central positions in alert sectors
were called to reinforce the fire of ships in action
sectors. Response to this request was smooth, fast,
and accurate. Copious use of window as well as
evasion by radical changes in altitude on the part
of the bandit planes was experienced. Neverthe-
less early contact by fire control radar was ac-
complished and maintained. Reports of contact
and solution were not acknowledged for or re-
layed, thus enhancing circuit discipline and the
immediate value of the information transmitted.

BB ADJUSTS TO AA PLAN

“USS NEW JERSEY anti-aircraft and CIC or-
canizations took immediate steps to organize CIC
and Secondary Battery Plotting Rooms to partici-
pate in receipt and distribution of target infor-
mation under this plan. To achieve the closest
possible cooperation with the task group com-
mander and the other ships, an AA Coordination
Team has been created and stationed in CIC. This
team consists of two officers and one fire control-
man. The members of this team are seated at a
table below the Air Plot with the VHF radio and
the anti-aircraft director range and bearing indi-
cators before them. One oflicer mans the VHF.
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The second officer mans the ship’s anti-aircralt
control circuit for the purpose of disseminating
information and control orders to the directors
and Air Defense. The petty officer mans a special
circuit, connecting with the anti-aircraft com-
puters, which is used to collect information to be
relayed to the Task Group AA Coordinator via
VHF. FEach telephone circuit is virtually a one-
way circuit which greatly expedites the handling
of trafic. This method has proved very eflicient
and it is believed that the information obtained
by the anti-aircraft radars, directors, and com-
puters (particularly in regard to altitude ot target
obtained by Mark 22 Radar) has been of assistance
not only to the Task Group Coordinator, but also
to the Task Group Fighter Director Officer in ef-
fecting interceptions near the formation. While
it is realized that much remains to be done in the
way of improvement, it is felt that great progress
has already been made since the inception ol the
AA Coordination System toward obtaining more
effective anti-aircraft defense in large formations.

“The special and continued effort made in this
ship to improve the organization of its anti-air-
craft defenses, in recognition training of lookouts
and gunnery personnel, in indoctrination of gun
crews and control parties in fire discipline, and
in special training to obtain the rapid commence-
ment of a large volume of accurately directed fire
to defeat suicide attacks was repaid by the per-
formance obtained during this operation. Recog-
nition was prompt and accurate under trying cir-
cumstances. On two occasions when friendly
planes were taken under fire by other ships, this
ship held fire and warned the task group of the
identity of the aircraft over the VHF coordination
circuit. Fire discipline was excellent. In all cases
fire was opened promptly, maintained at full vol-
ume as long as possible, and then checked belore
endangering other ships of the formation. In
spite of continued attack, enemy aircraft failed to
effect more than minor damage to any ships while
the USS NEW JERSEY was in company. It 1s
felt that this ship contributed in full measure to
the excellent anti-aircraft results obtained by this
plan of task group AA coordination.

A CRUISER REPORTS

USS ASTORIA (CL-go) says, "It had been our
experience that a cruiser CIC with a single SK

(air search) radar cannot efficiently accomplish
both of the following assignments at the same

~

time: (a) conduct a normal radar Guard Baker,
checking contacts as ordered by the Task Group
CIC Officer and transmitting information ob-
tained to him to assist in interception; (b) reduce
gain to a minimum to check all close-in contacts
to obtain data for own ship’s gunnery. We found
T.G. 8.3 AA Coordination plan, with its mutual
interchange of target information, to be ol great
benefit in conducting effective AA defense against
enemy air attacks. Frequently this ship has been
alerted as to the presence of enemy aircraft in our
sector which were not detected by our own CIC
or had been lost within ten to fifteen miles of the
formation. This has applied to reports of visual
sightings as well as radar contacts. Unul fire con-
trol radars are equipped with IFF, a single ship
in each sector may be designated to conduct close-
in air search and transmit resulting data over the
AA Plan channel.

“Had this plan been in effect during this ship’s
operation with another task group which had not
yet adopted the Coordinated AA plan, it is be-
lieved that a Hellcat, which was shot down after
pursuing a Jap dive bomber into the formation,
might not have been fired upon. Its identification
as an F6F could and would have been reported
over channel Tare.”

CONCLUSIONS

The Task Group Aﬁ\Coordinatcd Plan has
enabled a task group to bring more guns to bear
against suicide planes before they were in position
to make their dives. Large and early volume ot
heavy AA fire appears to be the best defense against
these planes, once they have eluded the CAP. The
possibilities ol this plan are logically summarized
in the veport from Commander Task lForce K8:
“Although the results of long range gunnery have
not come up to expectations, it is believed that
from the development of suitable procedures for
the control of fire against maneuvering targets, a
oreatly increased percentage of planes shot down
by five-inch fire outside the formation Can’be ex-
pected. The greatest drawback to vesting coordina-
tion of all five-inch AA fire in one ship and one
man is the tendency for all hands to become too
dependent on information received from the AA
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