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During the, lattor purt of 1940 the Gormans wers carrying out

1=

large scale doy, bombing attacks against the Dritish Isles, As a re~
ault; the B{iﬁ;sh Vere ﬁsing every avoilable fighter aireraft to
counteract these Llows, The British successfully withstood these
attacks and.on one nemorable day shot down 186 aircraft, Decause

of the tﬁrriﬁic defonse the Briﬁiah wero putting up against day at-.
tacks, the Gerirans changed their tactics to a great extent and be-

gan cerrying out night bombing attacks, Tho British were agein faced
with the g%oblgm'of intercepting large enemy raids, only now it had to
be done #tlnight. This meant that the control of the fighter aircraft
at night would heve to be donc with an extremely high degree of accu-
Tacy.

Control was cttempted by plotting both enemy end fighter on an
interceﬁt table aftcr the radar information hed besn pessed through a
filter room and eventually to the intercept officer, This; of course,
produced a time lag on the plots with resultant inaccurecies, and as a
result, was unsuccessful, It was then realized that a method of con=
trol would have to be devised elong with new equipment, that would
give the controller the advantage of "seeing" his aircraft and its
rolative position to a target without time lag, It was realized that
it would be desirablc to read the ﬁositiona of both iptercepting and

interceptod aircraft simultancously on one instrument,
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Early experiments at British C.H, (Chain Home) stations showsd
promise, but readings were not sufficiently accurate for night in-
terceptions, CHL (Chain llome Low) stations gave moré-accurate con=
trol; but only under limited econditions of height and range, Fur=
thermorey "gaps' caused discontinuity of tracking, and the lack of
accurate height finding facilities made'interception unreliable,

Stations for Ground Controlled Interception (GCI) were, there=
forc, designed to overcouc these defects, These GCI stations are
equipped with the accessery gap-filling ond satisfactory heipht-
finding facilitics, ©s well as the Plan Position Indicator, (PPI)

The object of anight. fighter control from a GCI station is to
.placa the fizhter in a position behind the"target. and withiﬁ the
operational limits of thc fighter's AI equipment, The f:i.ghter,.
when placed in this position, is able to take over and complcte the : -
interception by use of its AI equipment, Combat conditions are en-
tirely determined by the tactics of the enewt; and the fighter haé
to accept the geogreniicel locality, the weather and light condi-
tions and the conditions of flight itself - ap‘eed; height and eva=
sive action ~ choscn by thc cnemy,

The RAF ﬁa:ve cstablished n.fght fighter forces in Great DBritain,
the iliddle East, !ialta, Horth Africa, Sicily and Ttaly, These Dritish
forces have met 1ith considerable success, and the enemy finds it ne-
cessary to go to a lot of trouble to avoid ité attentions, American

night fighter squadrons ore likewise being employed in the lediter—

— . o = -
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ranean thoatre, It is to be expected that night fighting will spread
to new thoatres of var as these are opencd up, |

(CY doea not nwcossarily rofor to Ground Centrollod Intoreeption
alone, as GCI is a type of siting, Any radar set used for GCI, such
as the SCR=508 or SCR=527, may be sited for CHL or COL as well, ‘/hen
sited for GCI thﬁ antenna daaign permits accurate height reading, GCI
scts arc often placod in conjunction one with the other to provide an
overlap in widthliand depth where the necessity for this type of defense
warrants, (See Fiz. 1) The normsl coverage of tho PPI tube is a ra-
dius of 50 milcs, thoreby 1imitiné the aroa of control to tlis redius,
Although this rangs can be extended, the accuracy demanded of GCI inter=
‘ceptions will be lmpaired.

The Plen Position Indicator tube known as the PFI, is one of two
cath;do rey tubes used in a GCI station, The other cathode ray tube is
called the lloijht Range tube and has a maximum renge of approximately
130 milaa.l This tube is used for carly warning,

The function of the GCI Controller is to bring the fighter to a
position about a mile and a helf to two miles bchind the target flying.
at about the sene cltitude, on the same heading, and with a slight over-
taking spced, (560 f/ __ﬁw‘«m Wﬂ/

The AI set in the intercepting aircraft is then used by the radar
opcrator in the »lanc itself to direct the pilot close enough to the
bomber for tic jilot Lo sse the target ship and moke an attack;

The orisinal use for GCI was to provide a satisfactory method

17
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to control night fighters, As this typc of control tcchnique has
progrcssed, it has béen' scan thut it can not only be put to use for
the coatrol of nisht fiplters, but can also b used for control of

¢y fighters. It is how videly used for directingﬂaéy fizhters in
the ‘editerranean, .Great Dritain, and Pa¢ific Thestres, This is
proving to be a grect odventege bécause 'contrel ‘from the PPT tube -
offords greatcer accuricy, ERE

Another use for tiis type of cqhtrol'iS'to "homé" lost air-

craft, As soon o9 the Controlleér his identificd the lost sireraft
on his PFI tubc, he is able to dircet tho-sircraft to any place he
desires beeouse he hias the advantage of being able to "sce" the exact
location of the sirersft to any desired point he may want to Senﬁ'it.

DESCRIPTION OF I UL ilT

Height Rense Tube (Fig. 2)

The Height Ronge tubc is on thé right of £hé Controller in olose.
proximity to the IFI tubc so that both tubos are within thc Control-
ler's ficld of vision,

The function of tlis tube is to indicate rongc, azimuth, and the
approximote numbcr of plencs, A switching érféngcment;provides a va-
ioble incication of uhL roccived energy on tais tubc, which may be

interpreted to give :'proxinutc height of alrcraft Ly

For identification purposes the:fightars éﬁrry‘IFF?(Identificqtion
Friend or ch) eoquiomcnt, This equipﬁéﬁt reinforces the redor ecﬁb'
and affects the ceho in such o way on both the Héight, Range and thé

PFI tubes thot an sirercft cen be identifisd as one pof our ovn fighters.

{7}
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PPI (Plan Position Indicator) Tube (Fig.3)

The Controller works from the FPI tubs which is to thc left of the
H/R tubu, o trensperont perspex cover is fitted on tho front of the I
tube and the PPI operctor reads the grid position of the cnemy planc
a8 the echoes from them are displayed on the face of the tube, The ra-
dar echo of an eairplanc shows on the PPI tube in the form of a small
arc rescmbling o "sausage", This echo or .fterglow is traced on the
face of the PPI tubc by & bright spot which appears on the timc base
each time the roder beaw makes contact with .n cirereft, This beem
is directed by the antenna, which is rotated continuously, or mede to
svicep .ny sbctof desired by the Controller, The FFI opcrator reads
the grid position of the enemy znd the fighter as oftecn as the Con=
troller desircs, aind a Flotter-Computer locatcd at on intercept board
plots the trerel of cach, computing the speed, hcading end track of

the enemy for the Controllor,
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Chapter I

DUTTS5 LD PROCEDURE OF THE G,C.I, CONTROLLIR

Duties

1, The %,¢,I, Controller will become thoroughly familiar with

the performance figures of the aircraft to be controlled, ile will

. '”_-
alsc know intimately the pilots and crews who fly these aircraft., ”‘#,/L“ﬁ/&

2. The G,C,I. Controller will know the operational limits of
the G.C.I. apparatus, and the psculiarities of his own station.

3. lith the above items aluays in mind; the C.C.I. Controller
will direct the fighter so that the latter is not over two miles
behind the target; on its heading; and in position for the A,I. to
take over, ‘

L, The G.C,I, Controller controls from the PPI Tube., He has
a two-wray VIiF radio-telephone connection with the fighter milot.

5. '/hen an interception is to be made; the GCI Controller
establishes radio contact with the fighter zircraft, OSpecial R/T
procedure is used for communicating with the pilot., (S5ee R/T Pro-
cedure Chapter)

6. hen enery aircraft approach his effective area, the GCI
Controller issues Cirectional, height, and speed instructions to the
night fighter,

7. Iastructions given Ly the GCI Controller to the fighter
will be corrected Lo appropriate aircraft instrument readings so that
they may Lc¢ used directly by the pilot, That is, directions vill be

glven as ragnetic hsadings and speed in terms of indicated air speed,

= )
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8, The GCI Controller bearélthe rgquoﬂﬁlbllltv of tralning all
crew members in sroficient CCI operztions. Good tcarwork ahd proper
training will result in correct Dertinent information being furnished

by both the Plotter-Computer, cﬂd Height-ustimator.

Prggedur

B : |
i IS The hCI Controller will utlllze 1nformat10n recaived fram

Area (such as the azlnatb at vhich the target may be cxnected to ap-
pear, altitude of target, p0351b19 spoed of target; tLhe p051tion,
height, call sign, etc. of fightoer; latost weather information, etc,).
‘ihen the target and fighter are ﬁoth vis iala on the FPI tube, he cor=
relates this information with that obtainad at the GCI Stdtlon and the
interception is besun without delay,

2 Piots on the hargstrmad fighter ars toldlto txe_ﬁ;e& Opera-
tions Réom in order thiat Area tincluaing searchlights and_AAA)'cgn
follow the intercention, The ﬁreé Controllor’can thus be arepared }o
hand over é second fishter to tﬂg (*0I Controller upon completion of the
first interception, ¥ <3 3

3, dach interception is recordsd on a mar tracing., The target
is plotted in red and the fighter in ' lue. Tims is rocorded to the
nearest quarfer minute, beside eacn plot.. Fighter vactofs, spéédlaﬁd
height, and the time each order was piven pilet is recorded in the
lower right hand corner of ths overlay, | .I .

L, The esacatial point for orecision intercention at night is
that tae controller vork off the FPI Tubs curing the-final stage of

the interception,

DECLASSTFTED BY EXECUTIVE ORDER #11652
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crew ond o GCI crew even though in certein circumstonces they mey be com=

posed of the same personnél, as, for éxnmble, vhen a station is opercting

SECT. A = CHAP, I

1. A definite operationnl distinetioh 1s mnde betuihn a Reporting

for Reporting and GCI. Personnel of = Reporting crew will be trained in

2ll of the onerating positions of ﬁepbrting,land their positions will be

rotated during operationé. ‘In contrast, each member of o GCI crew will

be trained as o apacialiét in o specific.duty. Thus, as a member of a

Reporting crew a man will be trained to fiil all of the operatihg posi-

tions, but 28 o member of a GCI crew he mﬁ& hc£ as a'speciniiit Height

Estimator,

s

2, Tesmwork is essential in GCI technique, All crew members must

cooperate to provide the Controller with'thé'necessary iﬁforﬁation to

achieve successful interceptions,

I1. OPERATING CREW.

1, The Uperating Crew will consist of the following personnel:

. Qe
b.
Ce
d.

. €a
£,

g

GCL Controller :
Height Hstimator.
P;otter-éomputer.
FPI Opérator
Recorder

Crew Chief

/ Rediotelephone Operator

1

7]
I
I
1= B
g
b3
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h,

i.

__J..I.

k.
1.

m.

 DECLASSIFIED BY EXE!LTIVE ORDER 411662
SECRETL,

© S7CT. A. - CHAP, II.

Radar Pechﬁnic

Power- Plant Rarx‘-imn

Switcﬂboord Oper°bur

.Liaison Operctor i
Gener 21, Situntion Board Plotter }

ZInterrog tor Oper"tor

2. The duties of the GCI Operﬂtlng Crev are spacl;lized Zeeh

member 'will be trnlneduln n specific duty, and crew pogltiona will not

Le robnbad durinb oper: tlons. It is, howgver, recommended th.t no-

sibions be rotbtad hourly during neriods when station is not on inter-

cept, to avoid fktlaue nd theriby malnt.in efficianCJ. The Cantrol—

ler, Ikdbht Lstimntor, and Plotter-Computer require especirlly thor-

ough training and considerable experience to_propelly perform their

duties.

3, The duties of crew mambers_are_aﬁffolldns{

]
Lo

GCI Controller, _

(1) The GCI Contrgller directs the novemenia 0£ the
Fighter 1ircraft under. his control so os to bring it
in&o the beat poasible position to ﬂccomplish intar-
ception of: th? assigned Target.

(2) He sits directly in front of the PPI tube,

_using o hond. set connected to the VHF radiotelephane |

gormtwoduayi@omﬁunication with the Fighter'piibﬁ;
(j) Wihen dn interception is to be made, the Con-
troller calls up the Fighter Aircraft ond estab=

lishes contact with it,
i T
SECRET '
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Hever under any circumstances, allow the fightér to continue at
high speed into an area vhere he nay cross in front of thes target.
‘lhen approaching target from the side and there is a possibility of
overshooting, it is best to vector fighter away from bomber =~ then
back on bomber's course, In making a 180° turn for head-on inter-
ceptions, the rate of turn should be determined and adhered to.

The turning distance will vary with speed.

Te The fighter should ncover ﬁa alloved to yet more than two
miles bechind the target.

&, The advisability of intercepting the target from above or
below depends upon a number of factors, chief of which are light and
cloud conditions, specd of thc fiyhter relative to the target, and
the operational characteristics oi the A, I. sguipment, |

puring the initial part of an interception, as many height read=
" ings as possiblc should be talten on the target. In all cases a num-

ber of height readings must be averaged to give rcliable results,

Al

It
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As in all intcrceptions, it is essential to pive:
(1) A cutiing off vietor to bring the two aircraft together
(2) Minal veetors tr tura Lhe fighter into a position boldnd
the target on the same course,
5. It is necessary to khow the target position at all times in
order that the proper vectors and changes of vector a2y be given to

the fighter &t the appropriate time. This means keeping a constant

eye on the target as well ‘as the fighters and receiving aid from the
"

computer if the Llips fade temporarily. The eye should be constantly
‘focused on the tube else a mopentary glance away will often result
in losing ‘the relative positions of the two aircraft. It is essen-
tial that the controller lmov whare the fighter is when on patrol.
This will aid in identifying che fighter when the blips fade or when
‘8éveral planes sposear in close proximity, The controller should
also lmo\: the vector the fight:» is Flring viils on patrel. This
knowledge will be carticularly helpful when giving the initial cut-
off vector. If the fighter is .atrolling in ithe opposite direction
of the initial vector, obviously an aporeciaile amount of time will
be consuned by :meking a 180° turn,

6. then fichter is turned onto course of target, it must be
borne in mind tha® the change of vector must be given in amplc time

so as to allow for the turn of ths fighter,

NFCIASSTFIFN RY FYXFCUTIVE ORDER #11652
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- , : (4) The Controller then gives the following directions to
the Fighter: '
(a) Corractad headingm to fly,
(b) When necessary, corrected speeds at which to fly,
(¢) Corrected altitudes at which to f1;,r.

(d4) Any other pertinent informetion necessary for
completing the interception, '

(5) All instructions given by the Controller must be cor=
rected to nﬁpropriaté aireraft instrument rendings so that
they may be used directly by the pilot,

~ (2) Heading must be corrected for wind ‘drift and
- magnetic declination of comprss,

(b) Speed must be corrected for irind drift and s
height of aircraft nbove sea level ond converted
into’ on indicated airspeed recding,

(c) Height must be corrected for sltitude of the
GCI station above sex level, barometric pressure,
v and tempercture at the altitude of the Fighter,
| _ . So a8 to nppenr ns a direct reading on the Figh-
l ter's altimeter, '

(d) Computntion of corrected readings will be done
by the Plotter-Computer and reported immedictely
to the Controller,

(6) Hhen Fighter and Target close the Controller must give

the Fighter the following additional information:
. '(a)  Difference in height between the two, indicating
whether the Fighter is above or below the Target.,

(b) Speed of the Target, so that the Fighter may

avoid overshooting, G

(¢) A final heading to fly,

(7) “Hhen the Fighter has made contect with the Target,
‘ -Ih 3 = . .
SECRET bl
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SECT. ' A = CHAP..II
either visually or by means of ai;borne Rndnr; control
passes to tﬁﬁ éircrew of thé Fighter ond the GCI Con-
troller's duhiss terminste with respect to thot inter-
ception, :

(8) The Controller must make full use of 2ll availe-
able sources of information pertoining to the inter-
ception, The Intercept Bohr& will be so pl-ced ~nd
illuminated as to be readily visible by tﬁe Control=-
ler. A Genernl Status Bocrd mainteined by the Crew
Chief will display necessary operntional date. A
hand set will be provided fﬁrltha Controller for com=
mnication with the Area Conéroilar and such other
liaison organizations as are necessiry. .

(9) He must be thoroughly familiar with the performé

ance and capabilities of the aireraft ond ~ir crews

under his contrel., He must nlso know the operational

sbilities of his GCI stotion ond crew,

(10) The receiver should be eéuipped with a PPI

-sofety mesk if possible, so thot the Controller m~y

control directly from the FPI tube, plotting vec~
tors ond courses on the mnsk, I

(11) The Cdntnollef moy use either sector or continu-
ous rotatio# #t'high spaed~in the operction of the
antenna_sﬁeeg control. Tﬁa antenna control may be

operated by the Controllsr himself, or by the FPI

- -

= &
[
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SEGT.A . "'_CHAP. II

Operator or Height Estimntor as is most convenient,

(12) The antroller, with the Crew Chief, berrs the respon-
eilbility of tralning hds erew te thorough proficiency in
GCI operqtions. Close feamwork and crreful workmanship
nust éxi;tlif successfﬁl intércepfiohs are to result,

Height Estimator.

' (1) The Height Estimatér sita in front of the Height-

Renge tube ‘and makea height estlmatlons on Target and Fight-

er aircrmft as requirad.
(g)' During initizl stages of the intercention height
rendings will be. talten on the Tnrget only, Vhen
Pighter and Target close, nlternate heights will
be taken on each, ~nd the difference in height
be~tween the two passed to the Controller; in=
-dicating whether the. Iighter is above or below
the Target, :
(2) If the station is ecuipped with a heldht-finding fne
tenna, height estimntions will be mcde from the heightlchart
with height ruler in the following monner:
(a) Split control will be switched to "Height",
(b) Antenna Selector Lnd "Pha se-Antiphase" Sviitches
will be switched so ns to give best response,
or a8 necessary to resolve 1mbiguities in height
detsrmination, '
(¢) The Height ustimetor must note which echo is
larger, echo ratio, phase of transmission for
. best response, and ronge of response, in order
to determine height, ’
(3) If the station is not equipped with » height-finding

entenna but has been accurétely calibrated nnd fitted with
-5
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SECT. A -~ CHAP, II.'

o working vertical polar diagram type height chart,

he Height Istimator will estimate heights from picke

up, maxima, and fade points, -

(2) With this methed all possible cuxiliary sources
of height rmst be used, Filtered heights may
come from Area Operctions or Filter Room. Jud-
gment will also be affected by o knowledge of
the covercze of the station (high or low angle)

_ and the habits of the raiders,
(4) UHeights of Target ~nd Fighter Aircrnft will be plot-
ted on the illumineted height desk ~nd connected to indie
cote the vertical progfass of the tracks,
(5) 'The Meight Zstimator will filter his heights in ore
der to obtain on accurate reading on the Target before
the Fighter is ready to moke contact,
(6) Accuracy of heights will be checked by requesting
height of fighter circraft from the pilot,

(7) The Height Estimatof must opernte the cntenns and

phese switches so as to give continuous coverzge on

Torget and Fighter,

(8) He must watch for aﬁpearandés of IFF on either
Fighter or Target and report £hia information immedis=
tely to the Controller..luhen, durihg the iﬁterception
the target and fighter are ot approximntsly the some
czimuth from the station, he will, at the request of the
Controller, state the éorraet.disfnnee between the two
aircraft,

. B _.
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This he enﬁ'do by referring té the ronge scale,

(1) The Plotter~Computer sits at the iftercept board chd

wears a haad set connectbd to the PPI operator,

(2) Hs plots the positions and tracks of the hostile Tare
get. and the Fighter airera Mt with chinagruph pencils on a
gridded plotting tcble. PLots are jgined to form trnacks,
(2) T.rgat will be plotted in red. :
(b)) _ Fighter will be plotted in blue,
(3) 1le will appraprihte camputing instruments to accer~
toin indicated ~ir speed, trnck ~nd heading of target.

He will pass this infornrtion to the Controller,

(4) He will track the Target and Fighter by dead reckon=

ing if thet becomes nsceaaﬁry becouse of'foding.

(5) At the direction of the Controller hc will compute
wind directioﬁ ané yelpcitylby compnriﬁg track and ground
speed with known haading ~nd true nir speed of the Fighter,
(6) ‘At the directioﬁ of the Controiler he will fix the po-
sition of any eircraft by the D/F bearing ﬁethod.

(7) At the direction of the Controller he will verify cny
hoﬁing or emergency landing steer given.

(8). At those stotions provided with o Creig Interception
Calculntoflpé will compute for the Controller the proper
vector fo.intarcept. e

».‘_7~
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PPI Operator, .
(1) The PPI Operator sits be.h;,nd the Controller on ~

special stool, wecring ~ head and chest set connected
to the Plotter-mnpﬁter and Recorder at the station, ~nd
to Area 0per::.tiona oand Filter Room if linison lines 'LI‘G
provided, |

(a) A supplementary PPI rack paralleled with that
of the Controller may be jrovided for the ex-
clusive uss of the PPI Operator in roporting.
In such case, modifications may be mcde in the
Operations Room set~up so that reporting may go
on simultoncously with interception if desired,

" (2) The PPI Operctor tclls plots on the Target and the

Fighter to the Plotter-Computer and Recorder, and to
Aree Operations and Filter Room if possible,

(3) Réf;rencé is mnda to reporting procedure for fur-
ther discussion of the duties bf the PPI Dpe¥ator, these

being modified as necessary to fit GCI requirements,
Recorder,

(1) The Recorder sits ot the Plotting ~nd Recording

Toble 2nG wears & head set comnegcted to the FPI Operator.

(2) ‘He pléta on an overlay map o complete record of the

tracks of Target ~nd Fighter Aircroft. A separate over-
loy will be used for each ihtercaptian.

(2) Timsﬁ of ploﬁs will be recorded at the begin-
ning ond end of ench track and with each plot
if possible,

o
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=
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(3) He will record on the overl#y in abbreviated form all
orders ond instructions issued by tho Controller to the
Fighter, !
(2) A complete rscord will be mnde from the time the
station is ordered "On Intercept" to the time
the interception is completed.
(b) Time of orders will be recorded whenever possible,

Time will be recorded to the nearest fifteen sec-
. onds in the twenty-four hour clock system,-

| 'f; Crew cn;,;,
| (l) Tha Crew Chief is: rsnpon51ble for the efficient func-

tloning of the enliuted mﬂmbers of his crew during its
tour of duty. He enrorcss stondard oparnting procedure to
meet the reqpiremmnxa of she Controller and supervises
operht;ons So &8 to secure accuracy, apeed, and continu-
ity of tracking of Tafget and Fighter; .
(2) He' excrcises such coﬁirol over the enlisted members
of his crew as will insurs thet the atation is ready to
zo into active interception operations immedinrtely when
pequired by the Arca Controller.
(3). He sees that tuning ~nd calibration of the receiver
are checkad when the stbtidn is ordered to "Alert",
(4) During interception operctions he will operate the
awitchhocrd unlesa <) trainod operator is rvvilcbla for
duty, .

(5) - He will diéplay necgéiéry flying operctions data on

SECREL
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tha_Genergl Status Board, Sush information may ine

clude:

(2) Operational status of local airdrames,

(b) Weather Reports,

1.

&.

2

- Wind direction and speed ot vari-

ous altitudes,
Visibility,
Cloud height and density.

(¢) PFighter Situation,

2.

Time airborne,
Number in ai.r..
Call signs,

Approximete positions,
. Flying time left.

(d) Trend of enemy activity,

(¢) Phase of moon and position each hour (for
night interception,) :

(6) He recerds in the stotion log all necessary in-

formation relating to the stafion's operctional ne-

tivities, indicating times of occurrence, This infor-

mation will include:

(2) Orders issued by Area Controller

(b) _ Operational stotus ‘of station (Standby, '
Alert, on Intercept, laintenance atc.g

,

(¢) Pertinent date relating to each intercepe
tion attempted, -

=10~
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(d) Opemting positiona of crew,

() DPreakdowna, "Off the A:Lr," "0n the Air" 6ta,

(£) Maintenance periods.

(g) Interference, .
(7) The Crew Chief béé;rﬁ the responsibility of training
his erew members during slack periods, He mﬁat be pro- |
ficient in ali GCI dutiea"an¢ be able to substitute at
any position if necessary-
Radiotelephons Opergtor, |
(1) The Radioteleﬁhnné operator is respannible for keep=
ing the rediotélephone equipment in such condition tho.t
the Controller will be able to maint ain contact with the
Fighter at 211 times during interception,

(2) He vrill monitor the rediotelephone communications as

required by the Controller.

(3) He nill keep 2 log of all messages received and trans-

mitted,
Radar Mechanic, |

(1) - The duties of the Radar L'echenic are:

. (a) The Rader liechanic is responsible for the ef-
ficient operation of the Ro.dt.r equiment during
his watch,

(B) He must see that both transmd tter and receiver
-~ are .tuned properly and that the receiver is ad-

Justed po that t.he oper;.tora may calibrate ac-
curately, ;

-]l -
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@
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He must be thoroughly familiar with the clpe
cult lagouts of the equipment, to be able to
trouble~shioot quickly, and make energency re-
Paira‘o ) 2

The Radar llechanic performs routine daily
mainkenance which is planned to uncover
‘troubles before they occur,

‘He keeps operating logs of..thé equipment
and takes meter Teattings howrly, entering
them on the prescribed forms,

(1) The dut'liqs of tha Powsr Plant Repairman arer

Je

(@)

1Y

“egpy

()

The Power Plant chcirmm is responajble
for the operation and care of the dlesel
power ‘I.mitS. ' )

He maku' routine service 'cheaks at regular
intervals and keeps the operating logs,

He must be able to make field revairs.
I1f commercial power is being used the Péwer

Plent Repeirman must see that the standby
power supplies are ready to go inte operf~ -

- tion quickly whenever required,

Mtchboard Operator.

(1} The Switehboard Operator will operate the tele
phone switehboard,

Lisison Operator,

(1) The Liadeon Operator will -"m:rftmn liafson with

‘the Area Operctions Room, Filter Noom, Local Adrports,

acjacent Racder Stat.im end such other sources of ine
 formation as nay be desireable, |

(2) He vill obtain from the proper sources whateves
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_ .operational information the Controller may require.
L, General Situation Board Plotter.
(1) The Situation Board Flotter will plot on the Gen-
eral Situation Board, all hostile and unidentified flights
which are beyond tie range of the PPI tube and within 100
miles of the station,

m, Interrogator Operator

(1) The Interrogator Operator will operate the RC~188 as
directed by the Controller,

L« The crew for a llobile GCI Station shall be the same as out-
lined above excert: The duties of the switchboard operator may be
assumed by the liaison Operator: plotting on the General Situation
Board need not be beyond 80 miles.from the station, A Plotter Con-
verter will be recuired to convert plots to false coordinates in order

that they may ve passed by radio with security,

w-: 12 .
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DUTIES AND PROCEDURE
OF

GCI LIAISON OFFICER

1, Ixperience has shown that the afficient use of GCI Stations
demands the closest liaison with Area, It is therefore essenticl that
the GCI Liaison Officer in the Area Operations Room and the Area Liai=-
son Operator at the GCI Station, are people with a high degrge of in=-
telligence aﬁd vho are not saddled with responsibilities other than
their work, : I

h.2; IBefoée operations commence, and at other periods when more
recent infomation becomes available, the GCI Liaison Officer should
give to the GCI Station éll relevant information. This will include
psrtinent weéther information, movements of friendly aircraft, call
signs of fighters; a/c number of fighters, types of aircraft available,
airdromes from wiich they are operati;g, e@c. 5

3., As soon as area receives warning of impending hostile activigy,
the Area Controller instructs the GCI Liaison Officer to warn the GCI
station, If the CCI Liaison Officer has;the information available he
will inform the GCI Controller of the grid coordinates, of the line qf
approach, the spced and the altitude of the hostile raid. He will also
give the “p0r051Mutu azimuth reading at which the coatroller cun expect
to see the rald zppesr on his PPI tube,

L, As soon as the flghter alrcraft ere airborne, the first figh-
ter should be thken over immediatcly by the GCI Controller, whether the .
targets are v151015 oin the PPI tube or not, This is valusble for check=
ing height calibration, VHF, wind speeds, etc, Aided by the information

he has received from the GCI Liaison Officer, the GCI Controller
‘1—
SECRETI
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will wector his fighter to a position suitable for cormencing an ine
terception, ”” it 1Dy

5« However good the Controller hnd crew at the GCI may beﬁ:tha
number of interceptions he is able to make is:conditiéned upon the
quality of the liaison between the GCI Station and thé Area Opera-
tions Room, During periods of continuous e#emy activity opportuni-
ties for the GCI to malte interceptions héve been lost bécause the
Area Liaison Officer was unaware of the position of the new fighters
and hence unable to hand them ower to the GCI Stations. In g;naral,
& single GCI requires approximately three afc to kgep it continuously
occupied. One will be actually under coﬁtrol; while the proceding
one will be on anm AI chase, énd the third-wiil be waiting for the

6. The GCI Liaison Officer should be constantly upon the alert
watching for the approach of ‘the fighters toward any dunger areas :
such as AAA, balloon bafrmgaa, etc. In such case he sﬁould advise _
the GCI Conmtroller and tzke such measures as ordered by the Control-
ler, '

7« The duties of the GCI Liaison Officer can not be laid down
rigidly, ‘In general, it may be sald that at all times he will keep
himself completely in thic pleture and be able to keep close trﬁck on
the progress of aperations in which the GCI station is concerncd. . He
should have a lively appreciation of the tactical situation at any

mement .
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CHAPTER I
EQUIPLLIT USED IN GCI

The primery task of the GCI Controller is to bring the fighter in-
to such a position that the turget ié within three dimensional range
of.the fighter's Al equipment., The job requires coinsiderably more in=-
formation than the Controller can read from the FPI tube, It requires
the organizaiional use of many specialized instruments by trained mem=-
bers of his crew, The Controller can get invaluable assistance from
his crew if he sees that they are properly trained in the use of their
particular instrumeits and equipment,

Equipment Needed at SCR=-588 Installation

1 General Situation Board
2 itioulded Perspex screens for each PFPI position
1 Craiz Computer for each intercept board
(Craig Computers can be obtained from the Air
Service Command, Patterson Field, Dayton, Ohio)
1 Intercept board, slanted, with plexiglass cover
for each PPI position
(If Craig Navigation Table is provided as stan-
dard equipment, it replaces Intercept Poard Above)
* "1 Iatercept Officer's kit, Type I - llodel V,
Orcer o, (1V585) 43-430L
" 1 Recorder'!s table for each PI'I position
1 Protractor, simple type, for each PPI position
1 Stetus board ; :
2 Clocks with sweep second hand, 8-day, key-wound,
10-inch face' (Signal Corps Supply): °
2 Stop watches, type A-8, Part-;/1778, Sup, i#6200=478950
1 Doz, blue chinagraph pencils, supply ;/8600=548200
1 Doz, red chinagraph pencils, supply ;8700-549200
1 Doz, blue crayon pencils J
1l Doz, red cirayon pencils
2 Rolls paper, tracing
4 Doz, black tmsdium) pencils
1 Sponge for Craig ilavigation Table

[0
I=i
o
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lioulded Perspex Covers

These plastic ;lass screens (See. fig, 1) mounted over the face

of each FPI tube, enables the Controller to mark by & dot in chinam
g;aph pencil the position of an aircraft as seen fromlthe echo or
blip, The successive cots are Jjoined to form a track,
Craig Computer

It should Qe reuenvered that the direction of the track of an
aircralt as dravn on tie FPI screen will ciffer from its heading in
proportion.to-the uina¥s direction and velocity, To make precision
interception, the fi:liter must be glven the same heading the target
is flying and must be nlaced dlrectly behind the target and given a
slight overtaking spreds, The Oraig Computer determines the target's

heading and true air speed if track, ground speed, wind direction and

velocity are knovine
Attached to the intercept board and operated by the PlottereCome
puter the Craig Computer (see fig, 2) enables the operator to quickly

obtain the above informetion for the.Controller,

;ntegcegt Board

This board, (See fig.2) is located on the Controller's left so as
to be readilf'seen‘by the C;ntroller. i gridded map covered with plex—
iglass is-dra;n en.*ée boardIOn il lch the Platter—Computer plots the
position and tracks of the nostlle and fighter dircraftf' By means of
the Craig Computer aad a stop watch he determines the true air speed

and heading for the target aireraft, knowing the true airspeed, alti~
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tude; baronetric Hressure and températﬁre, the target's indicated air
speed can bo asceriained by wouns of a suitablo computer, or by appro=-
priate tables designed for this:purpose. Dead reckoning of both the
fighter and target planes is doue'By the Plotter-Computer on the inter-

cept board, :ill information is passed on to the Controller,

Iniercegt_Officer‘s Bouipment, (Kit)
| This is the new Coﬁ-stevens cased computer, In the lid space is
provided for: X
2 Sadowsky Timers;, (1:250,000 Scale and 1:500,000 Scale)
2 Speed rulers (1i250,000 Scale and 1:500,000 Scale)
2 Transparent rulers 11" long; graduateh in inches, in eights.
Two items oa the list, the true air speed vs indicated air speed com="
putef and the speed scales will Be used to a greater extent than the
othgf_items. The entirs list, hbwever, is included as GCI equipment

for eme}genCy use in the event a Craig Computer is not available,

Recording Table

This table is designed for use by the recorder to plot on an
overlay map & complete record of the tracks of target and fighter
aircrafﬁ. i separate overlay is used for each interception, All
orders given by the Controller to the fighﬁer are recorded in ab-

breviated form on the ov erlay together with the time to the necar-

est 15 seconds the orders were issued, This is invaluable for showing

why various instructions were jiven and for reconstructing the entire

int erception so that it can be later analyzed, It is felt less em-

!
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phasis should be put on recording, inasmuch as it can be accomplished
anyuhicre in thc.station layout, . The large, indirectly lishted board:
mey very likely bo replaced by a printgd, gridded form of sufficient

size to rmake plotting easy and legible,

Transparent Protractor

A simple type transparent brotractor,.as shown in figure 1, Chap,
IIB, on which is cnzraved a comnass rosc, is a valuable aid to control=
lers in estimating accurate vectors. The protractor, if licld promerly
oriented against thc PPI tube with the center of the rose over the
fightgr's arc, will assist the controller in giving the proper vector

This /s

to intercept enemy ai_rcraft,a Waste oF Va/uﬁéaé “"r:"ﬂ,

Clock 1.-:1"5h sweep Sccond Iand

Two clocks arc nceded, one each for the intercopt board +and re~
corder table, Accuratc time is extremely essential to the plotter-
computer for dead reckoning and for syachronizing his stop watch,
Another clock cnables tlic recorder to detcrmine and rccord times of
plots and operationzl ordcrs to the hearest 15 seconds in the 24 hour
clock system, -
stop “jatch

A stop watch %s used by the plotter—computer to determine Jround
spceds of aireraft, The tinme interyal between two nlots of known dis-
toice is measured, Uy setting time .nd distance on thc time vs dise
tance computer, sround spceds can be road dircetly, The two plots

used for computing ;round speed should be taken at least 12 minutcs

i i

— e - = - —




apart and preferably over two minutes apart,

Pencils - Chinacraph and Colored FPencils

Chinagraph pencils are ncedod by the conbroller and ploltcr-con=
puter for merking on the perspex cover und plexiglass covered intercept
board, Dlue desirnates the friendly fighter and red the enemy bomber.,
Ordinarily red and blue pencils or crayons are used by thc Recorder.

Paper - Tracing

Records qf cach interception are recorded on sheets of transparcnt
overlay DAaper,
Status Doards

GCI Controllers ond crews will have posted on casily scen status
boards the information shown in Fig, 3, Aircraft, Airdrome, “leather,
Yoon phase, and Stgtion Status, with a section for additional bulletins,
should be included,

Dependent upon arrangements at each GCI station, the above informa-
tion may be consilidated @n one general status board or the va?ious

sections posted in the best aveilable positions in thc station.
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LIISTRUCTION Iil THE USE OF
TiXE CRAIG COIPUTER

In connection with the following instructicus, course and irack are

used in the Brilish sense, The Lritish definitions of these two Lerma
follow:

Irack is the direction of the peth of an aircraft over thc ground,
The "Required Track'" is the dircetion which an aireraft is intcnded to
follow, The "tracic mads good" is the direction of the path actually
traced over the growid, In the American sense, Dritish Track is the
same as our Coursc,

Course is tho direction in which an aircraft is heading, Sinco the
direction in which an circraft is hcading may be mcasurcd from the Truc,
hegnctic, or Compass meridian, the course must be nomed acecording, T.,
I, or Co In [orican sense again, Lritish Course is the samec as our

Heading,

1. To Find .findspced cnd Direction Given Coursc and /ir Specd,

Track and Ground Sw»ced,

a, 1lace the windpoint »in (Part ilo. 9) in the centtr of the
wind-plate (Part lio, 8)

b, Tix the true airspced on the 2irspccd bar (Pert llo, 1)
by means of the cirspced murker (Part No, 2)

ce Rovolve the ruler (Part ilo, 12) until thc track made
good is shovm on the bearing plate (Part o, 3) apainst "Tv (Port No.b)

de Place the ground speed indicator (lart ilo, 5) against

the correct grouad snced on the plate (Part o, 6)

¥
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&€, Place the course indicator (Part iio, 7) against the
coursc stcered on tie boaring plate (Part No, 3)

f. Throug: the center hole oflthe airspced marker (Part
ilo, 2) place the peincil which will make a dot on the windplate
(Part No, 8)

ge Place the airspced marker (Part ilo, 2) over the wind=
point pin (Part llo, 9)

h. Rotatc the bearing plats (Part Ho, 3) until thc pen=
cil mark lics in the slot in the lower part of tiwc airspced bar
(Part ilo. 1)

i, Read thc windspeced agrinst the graduations on the
airspeed bar, This is doac by subtracting the spced reading oppo~
site the pencil dot from the true eirspeed as indicated by ths air-
speed marker,

je The dircction of the wind can now be read off against
the mark "T" (Fort ‘o, L)

2, To Find Coursc and .iirspced Given Track, Cround Spsed and

.find Speed, and Direction,

a, To set the windspeed and direction slide th§ wind-
point pin (Part dos 2) to the outside of the windplate by depressing
the windpoint nin, Rotcte the windplate until the arrow marker (Part
ilo. 10) lies against thc bearing from which the wind is coming, Slide
the windpoint pin and place against the speed graduation of the wind

scale,

-2-
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b, Place the ruler (Part No. 12) along the track or rotote
the ruler ﬁntil the track is indicated on the bearing plate against
the track pgintod LU L

Ce Unscrew the cirspeed merker (Part ilo, 2) and slide the
ground speed plats uatil the minters indicate the given ground specd,

de Place eirspeed marker over ths windpoint pin and screw
up. The coursc of the aircraft may now be read on the bearing plate
against the course indicafor ngn, Tﬁe «irspced in indicate¢d by the

marker on thc slide of tho airspeed bar,

-

3. Io I'ind the Course and Groundspeed Given Track, Airspced,

Windspeed and Dircction,

2 Set windspeed und direction as in 2a above,

b, Unscrew the airépeed merker,

ce lleplace ihe ruler (Part Mo, 12) as in 2b above,

de Placc the airspced morkcr over the vwindpoint pin,

€, Slide the ground speed plats until the true airspced is
shown against the sirspced marker, Tighten up the airspeed marker, The
course to stcor may now be read off against the course indicator "C',

The groundspecd may be rcad off against the groundspeed indicator,

L. In Sctting Up the Craig Computer, care should be taken that
the transparcnt fulc is aligned along the true north meridian with the
wipdpoint pin at zero, This may be checked ageinst the fixed track in-
dex kark I whicl should read zero plus a westerly variation of. 360 minus
easterly variation éccording to what setting veriation is made on the

'

rule,
-3
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5, liethod of Performing Speed Calculations,

It is important that the plotter-computer should cluays be pre=
pared to give the controller accurate speeds on both the target and |
the fightcr, Rcesons for this are as follows:

First: The blips often fade on your PPI tube and the plotter-
c;mputer should always be.prepared to dead reckon either aireraft or
both at once if necessary,

Second: The target end fighter may ro through the ground ray
requiring dead reckoning.

Third: Assuming the target follows a steady course and the figh-
ter has be;n.given & cut-off vector to intercept; the plotter=-computer
should be able to tell the controller how many minutes it will take for
the fighter to reach the targgt'a line of flight and vhether he will
get there ahead of the target or too far behind,

The féllowing is the reneral procedure used in making accurate
speed caiculations:

1, Set up the uind direction and velocity on the Craig,

_ é. Assuming the target is being plotted, when the FP1 oper?
ato£ calls "target', start your stop watch and mark this plot with
a "It for later reference, Do not wait watil the grid coordinate is
read to start the watch; since this lapse tn time will throw off
your final accuracy,

3, Continue to record your target plots for 2% to 3 minutes,
Jhen this period of time elapses and the PPI operator calls "target",

stop your watch and merk this plot with a "T", (Calculations of less

-l -
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than 2% to 3 minutes cannot be considered accurate).

L, ileasure the distance between the two dealgaated plots with
your parallel rulo = read the elapsed time from the stop watch = then
set the distance covered over ?he sround against the elapsed time on
the.ground-speed computer onlthg-parellel rule, Read your ground=-
speed from the.arrow marked "60", (The groundspeed computer on the
parallel rule allowis fo; figuring fractions of miles and fractions of
minutes; thsrefére, do not try to get your rexdings on even minutes
or even miles),

5« Set your ;round speed on the Craig Computer making sure
your parallel rulelis held along the track of the target with the ar-
row on the yule pointing in the direction of flight vien aetting.the
groundspeed,

6. Read the true airspeed from the airspeed murker on the air-
speed bar,

7. Use the Cox & Stevens computer on whieh the indicated altitude
and barometric pre§sure is set and rcad backwards from True Arspeed to
Indicated Airspeced,

tthen figufing spceds on the fighter; use the same procedure as
above, the eﬁcsption being that you lnow the Indicated firspeed and
can easily read the True Airspeed of the fichter by using the Cox &
Stevens,

The parellel rule being marked off on both sides in miles; it is a

simple matter to marlk off the minutes on the intended track for dead=-

|
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reckoning knowing the ground speed of the circraft,

Calculating sI;c-;eds of targets or fighters that are continu-
ally weaving, divinj, climbing or orbiting is very difficult, In
such ceses, plots nay have to be used that only cover a period of
one minute of straight and level flight, Although in this case, in-
accurate readings /ill ;':robﬁbly be arrived at, but they ére bétter
than no readings at «ll, Two or three of these types of readings

may prove fairly accuratc if they are averaged,
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PLROTRACTORS USED

by
Ly 0 TH0L L0

The mosil. successful results in GCI controlling have been obtained
by the use¢ of the "cutting off vcctor" method of interception,

In using this method, the controller will project the bomber's
‘line of flight and ostimate whore, along that line; the fighter could
intercept it by flying a straight course from its indicated position.,

The controller awey wish to combine the "cutting off vector™
method with the "curve of pursuit" method. The "cutting off vector®
method is uscd first, and the "curve of pursuit! in the final stages
of the interccption,

«hatever his choice of methods may be, the GCI Controller has
access to two mechanical aids . .ctermining what vectors to give to
his fighter, They are (1) the simple protractor and (2) the inter-
ception protractor, (British llark IX) (3ee fig, 2)

a.  The simple protractor is nothing more than a compass
rose printed on a transparent disk (Fig, 1.) ‘hen the controller wishes
to know the veetor from the fighter's indicated position to the bomber
or to any point on the area ol u.c PFI tube, hec places the protractor
on the facc of the tube with the centor of the compass rose over the
indicated position of the fighter and orients the protractor with
rclation to compass directions, He can read the azimuth which most
nearly coincides with the desirce linc of flight., This is the veetor

he passecs on to the fighter,
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b, The cut-off intcrception protractor has becn designed .
to assist GCI Controllers in estimating the correct cut-off vector
direct from the PPI tube. (See Fig, 2)

The protractor shows the vector which must be given to the fighter
to intercept the target, It also shows the point at which the fighter
should be told to turn on to the ter_st's course so that, after the
turn, the fighter is at the desired position reclative to the target.

The protractor consists of a square frame, on which a compass
rose is engraved and a rotatable insct on which therc are various
markings, The straight linecs radiating from points approximately
around the center of the protractor are "approach lines", and each
line is marked by a lcttor, These lctters are on the inner semi-cire
cle of letters on the inset., Another set of letters form an outer
circle on thc inset, Thesc lctters are adjacent to' the compass rose,
and a particular lctter indicates th: vector which corrcsponds to the
line of apporoach marikcd by the samc ™ .ter on the inner semi~circle,
The inner points at which the lincs of approach terminate are called
"turning points", There are two scales, graduated in miles, on the '
bomber direction line of the rotatable inset,

To use the protractor, the centcr line of the circular inset is
sct to point along the bomber's course, The protractor is held against
the PPI tube with the sides of the¢ square frame parallcl to the grid
lines and the arrow pointing north, Iaving dceided the distance be=
hind the bomber at which it is desircd to place thc fighter on the

same coursc; the controller holds the protractor on the PPI tube so

- e e o
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that the required point on thc distance scale, refcrred to above,is
over the coenter of the bomber blip, As the bombor moves across the
PPI tube, thc protractor is moved along with it so that tha point on
the distance scalsc always is on the centcr of the bomber blip,

With the protractor set up and held against the bomber blip as
described above, the lotter on *¢ line of approach; or extention of
the line; on which the fighter blip lies is noted; and the correct
vector to give the fighter is that which corresponds to the same
letter on the outer scale,

As the protractor is moved forward with the bomber blip, and the
fighter settles down on the course it has been given, the fighter arc
will slide along thc line of approach and finally reach the turning
point., At this point, thc fighter is turned onto the appropriate
safcty vector, corresponding to C or Q as the case may be,

When the fighter reaches the turning point at the inner end of
the approach line C or Q, it is turned on to the bomber's course, and
by the tiﬁs the fighter has finished his turn; he will be at the
required distance behind the bombecr and on the same course,

The protractor has becn designed on the assumption that speeds of
bomber and fighter arc cqual, In practice this is rarely the case;
and this is indicated when the iighter does not slide along onec line,
of approach, but slowly changes from one to thc other, The more rapid
the change, the greater the difference in speceds., These differences

should be immediately compensated for by changes of vectors and spceds,
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‘Only half of thc circular inset is covered by lines of approach.
This means that all fighters in the blank sﬁace should be put on the
bomber's course at increased spced until they are in an area from
which they may get on to a direct linc of approach, Hormal proce-

dure may then be followed,
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" 1, General - The SCR-588 is panufactured by Raaearch'Enterprisea
‘Limited at Leagide, (Tbronto) Canada for use by the U,S, Army Air Forces,
It iﬁ aimilar to tﬁe British GCI Transportable Set and clogsly resem-
bles that equipment in appearance and operntion. Ths SCR~588 ia COom-
prised of three principal units: (l) transmitter, (2) receivar, and
(3) antenna, Transmitter and recciver units are usually housed in pere
manent installations such as shown in'figure 1. The antenna array is '
mounted on a fixed bage, usually,conoféte, and is mechanically rotated,
Figure 4 shows the antenna array for a 588 station sited for GCI.

‘The other units, tha diesel—driven gensrator and the thyratron,
or antenna control unit; are, for reasons of brevity, not described
here, ‘lhenever possible, commercial power of good regulation should
be used in order to saxe the diesal-genarator for smergency operations,
2, Descrlgggon - a, Receiver.

" The receiver (sea figure 2) houses two main racka. one con-
ta;ning the PPI, or Plan Positlon Indicator tube, end the other the
H/R, or Height-Range tube. The PPI tubc indicates the plan position
of the target in grid coordinates, The H/R tubs indicates range,
number, and height of alrcraft. Both tubes display IFF and serve to |
identify fighter planes. ’

These tubes are designed to work in conjﬁnction with transmitter

either as a rgporting*or as a GCI operating unit depehding on the type

SEC
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of artenna installation used. Forl reporting a single antenna (CHL)

is sited high, usually on a cliff overlooking the sea, This instal-
lation provides low angle coverage for long-range warning and lowefly=
ing aircraft;, but does not enable accurate heights to be obtained,

For GCI operations tyio pairs of antennas sited on. very flat ground
are used, This ins.tallafion (CHB) enables accurate heights to be ob-
tained for GCI control, (The Icode initials CHL and CHB are technical
distinctions used to indicate how the antennas are constructed and
sited,) |

{hen lop&rating as g repo;-tiﬁg mmtim',. the SCR-588 funetiens
as an sarlsr wamihg_ detector for _approaclﬁng aircraft, In this cass
the H/R tube is used to indicate the accurate range of any aireraft,
whenever this is required, for estimating the number of aircraft
producing any particuler multiple signal, and for idaﬁtifying air-
craft by Imc:a.na of IFF, By means of direct. phone conneetions, this
data is phoned directly in to the area filter room,

‘lhen 0parntiﬂg as a GCI ins.tauation, the SCR=588 is used in con-
Junction with o VHF system, which provides two-way voice cummunicm
between plane and ground, and functions as a control base for inter~
ceptor aircraft., F‘or GCI use, the FPI tube detamimas the plan po=
sition of aircraft and :.dent:.fi.c-.a the. fighter aircraft; by mnifsstdng |
IFF, The H/H tube serves the same purpose for GCI as in reperting,
but in addition, it displays the ratio of signals received from two
antennas at different heights and enables aMta altitudes c_:f' aire
craft to be determined, |

!
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These signals or echoes arc displayed side by side on the H/R
tubc so that a quick visyal estimation of' theid ratio oan be made ¢
The ratio is always cstimatod in tunthe, that 18 10 to 7, and read
from left to right, Having read the range of the echo, height cale
culation'is possible by refercnce to a caiibratéd“Hsightéﬂange'chart
on’the desk in front of the H/R tube,

b. Transmitter,

The transmitter (see fig. 3) transmits an encrgy pulse for an
interval of two to fiva'microaacondé, to the antenna array at a fre-
quency of about 200 megacycles per second on a wave length of 1,5
meters (approximately 56 inches), ‘ As soon as the cnergy pulse transe
forred to the antenna arrey Ly the transmitter has been sent into
apace;'a switching arrangement connects the receiver to the antenna
and isolates the tranamittﬁf'from it. The pulse, which 1a‘thrown out
into space about 600 times a second in a distinct pattern of lobes,
travels with the spoed of 1ight (186,000 miles per second) in the
direction determined by the orientation of the arrqy. If it should
meet an object, such as an aireraft, part of the onergy is reflected
and part of the reflected energy is picked up by the antennas and
transferred to the recciver., The time taken for thc wave of energy to
travel from the antenna to an object one mile distant and roturn is an
' exact interv'al of time (10:73 microseconds), Since receiver measurcs
the elapsed time Letwsen the tranamlssion of the pulse and reccption

of the echo, the distanec to the object can be detcrmlﬂed, and the

e e e me -
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direction of the object is the direction from which the antenna array
picked up the maximum echo,

c. Antenna
Two antenna arrays (scc fig. 4) arc used for GCI operations, In ad-
dition to the 12,5-'7,5 (split ten) antenna used in the British mo;
bile set, a 25-foot antenna is provided, Recause of the increased
height of this antenna above the ground; the angle Sf displacement
of the lobes above the ground is less, This permits lower angle
coverage by the station and cnables the detection of aircraft flying
at lower altitueds,

The two antennas are plabed one vertically above the other but
identically oriented in azimuth, All pulses arc transmitted from
both antennas but two.altqynate echoes are :ecei?ed; one on the
top antenna and one on the bottom, By comparison of the ratio of the
two signals obscrved on the H/R tube, the height of the aircraft above
thé gound may be determined by refcrence to a calibrated height chart,

The upper GCI antenna array is centered on a line 25 feet above
the ground. The lower array is in two scctions which are centered on
liﬁes 12,5 and 7.5 feect above the ground, The center line of the on-
tire lower array is 10 feet above the ground, A switch mounted on the
H/R desk allows the choice of receiving alternately on the 25 and 10
fect arrays; or receiving.alternatcly on the 12,5 and 7,5 feect ﬁrrays.
This arrangsmaﬁt is useful in resolving misleadinglreadings in height
finding§ as will be explained in detail later on in this chapter,
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