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S YSTEM DESCRIPTION 

ANTE NNA 537F-7 

INDICATOR 493A-4 

~---- --, 

I JUNCTION BOX: 
I.... _ _ _ ___ _ J 

~ 
CONTROL 

$.I:;;
COCKPIT 

SYNCHRONIZER 776C-3 RECEIVER TRANSMITTER 374A.3 

--r-

Airborne Weather Radar WP-I03 consis ts of a Receiver
Tramu1lIller Unit, Synchronizer Unit, Indica tor Unit. An tenna, 

('ockpi l Panel. This sys tem is designed to use ei ther Bright 
UC Indicator 493A-3 or S tandard Indicator 493A-4 as well as 

either a 12-mch, I S-inch, or 30-inch antenna . All operating 
controls [Ire mounted on the cockpit panel and the indica tor. 

T he Wp- Im is a pulse-modulated radar system opera ting at 
9375 megacycle ill the X-band frequency range_ The narrow 
bcamwidlh of the X -band radar provides sha rp defi nition of 
target.s on the indica tor and resul ts in reduced transmitter 
power requirements. 

Short , high-powered p ulses of r-f energy a re radiated in a 
narrow beam by the anlenna mounted in the nose of the aircraft. 
When the energy strikes an object. within the 150-na utical mile 
range of the equi pmen t, it is reflec ted back to the antenna as an 
echo. The reflecLed energy is applied to the receiver-transmitter 
unit where it is detected and presented to the pi lot as an echo 
on the screen of the radar indicator uni t. 

T he synchronizer unit genera les and con trols the sweep trace 
and range circles. It also synchronizes the scan of the sweep 
trace wit.h that of the antenna, ensuring tha t echos are d isplayed 
a t the correeL range and azimuth bearin g . 

The sweep trace on the indicator appears as a line of li ght 
which sweeps back and forth across the screen in hann ony with 
the scanning antenna_A portion of this beam, representing the 
received echo, is intensified as an indication of the range and 
bearing of the weather target. The ca thode ray tube used in 
the indica tor retains this Wea Ulel' targe t echo momenta rily a fter 
the beam has passed, thereby producing a visual map of the 
area in fron t of the aircraft. 

The 493A-4 indicator provides a conventiona l yellowish offset 
display. The 493A-3 brigh t tube indicator provides a hrighter 
and longer lasting display, enabling the pi lot to view the indi

r,r in direct sunlight without the use of a hood. The 493A-3 
res an adjustable Polaroid filter, permit t ing dimming of 

toe presenLa tion for night opera lion. T he pi lot can also vary the 
presentation from a normal yellow-green color to red for his 
particular viewing choice. T he color change on the indicator, set 
by the pilot has no effect on 1he accmacy or true presen tation 
of the weather target but is incorporated in the indicator for 
the convenience of the pilot during night operations. 
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OPERATING 


RF GAIN 	 ANT TILT 

Control s amp lif ication of 	 Vo r ies tilt of the antenna be tween 
received echoes. 	 the limits of 15 degrees a bove to 

15 degrees below the horizontal 
reference pia ne. 

tfl" 0'" 	 ~ \IIHl~l 
~	 ....,..",J,;a _L .IOU UP 

., fSit -c.. , 	 ~ COCKPIT 
~ CONTROL 

•• II..... 

OFF-STBV-OPR-CTR 

OFF 	 Equipment is inoperati ve. 

STBY 	 Filament voltage is applied ; 4-minute time 
delay is introduced. Ho ld s system in warm
up condition alter end of time delay period . 

OPR 	 Equipment is operative alter 4-minute tim e 
delay. In thi s position, NORMAL OPERA
TION , radar echo return s from all targets 
are displayed as bright spots o r areas on 
the indicator. ISO-ECHO circu it is 
inoperati ve. 

CTR 	 In this position , CONTOUR OPERATION , 
radar echo returns f rom areas of heavy 
rainfall are shown a s dark areas or black 
holes within brighter return s which are 
areas of lighter ra infal l. ISO-ECHO circuit 
is operative. 

BACKGROUND 

Ad just , the leve l o f background 

noise (enab les ve ry weak signals 


b e v iewed). 


INDICATOR UNI 

493A-3 

RAN G E 

30MI-10MRK 	 Provides a 30-mile DIM TAB RED TAB 
sweep trace and three 

Dims display Varies display 
10-mile range circles . far n i g h t colo r from a 

v iew i n g . normal yellow. 

60MI-15MRK 	 Provides a 60-mile gree n t o deep 
red for night

sweep trace and four 
viewing . 

15-m ile ra nge circles. 

150MI-25MRK 	 Prov ides a lSO- mile 

sweep trace and six 

25-mile range circles . 

INDICA.TOR UNIT 

493A-4 

BACKGROUND 

Adju sts the level of background 
noise (en ab les very weak signals 
to be viewed ). 
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g;.......~ O PERATING 

PROCEDURes 

CONTROL 

Set the con troIs to the 
position shown in block 
before enC'rglzmg equip
ment. ·Maximum counlercloc.kwise po'ition 

Turn OFFSTBY
OPR-CTR swi tch to OPR. T here is a 4-minute delay (warmup 
period ) before the equipment will become operative. 

To oblain 
wea ther or ground-map presen tations. 

0) Start equipment. 
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(2 ) Set RANGE switch in 30MI-10MRK position. 
(3 ) T urn RF (;AIN cont rol on cockpit pa nel fully coun 

tercloc kw isE' (lowesl gain) . 
• 4 ) T u rn BACKGROUND control full y counterdo' 

wise, then turn BACKGROUND control clockwise 
un til sweep line is barely visib le. tThe sweep line is 
the line from the bottom center to the edge of the 
indica tor face. ) 

i :) Turn RF GAIN to the maximum clockwise position. 
, (j) Resel BA CKGROUND control until des irab le back

ground !c' \'cl is obtained. ( A marked contrast between 
echo retu rns and the rada r indicator background is 
desirabl e. Excess background will produce excess 
brightnec:;s on the indica to r screen. ) 

( 7 ) Operatc RANGE swit.ch to another position ; this 
switching action should not allect settings. 

(8) Rotate ANT TI LT contro l [0 di rect antenna up 
and down for obsc l'vation of targets above and 
below a ircraft. 

T o observe a particu
lar target in deta il : 

(1 ) Va ry ANT TILT control to ob ta in maximum target 
returns. 

(2) T urn OFF-STBY-OPR-CT R switch to the CT R 
position (CONTOUR ) . 
If the ta rget conta ins heavy precipi tat.ion, which usu
a lly i::; accompanied by intense turbulence, a hole or 
"black core" will appear in the target. 

(3 ) Com pa re desired target with others. 
( 4 ) Reduce the RF GAIN control until the black holes 

begin to disappear, and compare the desired 
target wi th other targets. T he less intense 
targets will d isappear fi rst; targets 
contaming violen t turbu lence will 
remain. Thus, a comparison 
of a particular target with 
others is obtainab le. 
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ANGE AND AZIMUTH 
DETERMINATION 

A. GENERAL. F or both 
range and azimuth determina

tion , boLtom cente r of the screen 
represen ts the position of the 
ai rcraft. T he O-degree ca li 

bra tion on thp indicator face 
represents the heading of 
the aircraft. Therefore, a ll 

echo returns displayed 
to the left or right of 
the O-degree reference 

denote objects which 
a re located to the 

l e ft or ri g ht , 
respective l y , of 

the aircraft. 

To determine the dis
tance between aircra ft and targets : 

(1 ) Note th e position of pcho returns which a re displayed 
on the screen. 

(2) 	Determine the dis tance between the bottom center 
of the screen a nd echo returns using the known range 
marks (ci rcles ) . If targe ts are between range marks, 
use simple interpola tion to obta in distance. 

T he per iphery of 
the indicator screen is graduated in 5-degree incremen ts which 
extend 60 degrees to the left and right of the O-degree reference 
mark. Determine the azimuth bearing of targets with respect 
to the heading of aircraft as follows : 

(1 ) N ote 	the position of echo relurn which is d i;;p layed 
on the screen. 

(2) 	 Note the angle between the O-degree reference and 
the sweep trace as the trace passes lhe echo return. 

t 3j Determine the azimuth bea ring of targets using the 
calibrated azimuth scale. 
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RADAR 
EATHER OBSERVATION 

• T he principal function of the WP-I03 Air
borne Weather Rada r System is the de tection and the presenta
tion of weather hazards as a weather map on a radar indicator. 
This weather map, particularly helpful during severe weather 
conditions, enables a pilot to select a path which wil l assure 
a smooth, safe flight around scattered storms or even through 
~olid lines of storms. 

In order for the pilot to travel safely through thundersto rms, 
informa tion regarding air turbulence, rain, hail, and icing con
ditions m ust be obtained. Such information is based upon rain
fall gradients (varying rainfall densities with respect to dis
tance ) which can be displayed on a radar indicator. 

Conversion of rain densities to video presenta tions on a radar 
indicator utilizes the principl e that radio-energy pulses trans
m itted by a radar are reflec ted by precipitation; i. e., ra in drops, 
hail (when covered by a thin layer of wa ter ), and wet snow 
(when grea ter than 1 mm ) . As the density of precip ita tion 
grows heavier, the reflection grows larger. Detection of varia
tions in rainfall gradient is made possible by the utilization of 
an I SO-ECHO ci rcuit wh ich is controlled in the W P -I03 with 
the OFF-STBY-OPR-CTR switch. W hen this switch is in 
the CTR (CONTOUR ) position, the ISO-E CHO circuit is 
opera tive and areas of heavy rainfall are presented as dark 
areas or black holes with in the brighter returns. T he brr h \ 
returns are a reas of lighter precipitation. \.. ) 

Studies of thunderstorms indicate that violent turbulence is 
a ssocia ted wi th steep rainfall grad ients (where the change 
from no rain to heavy rain occurs in the shortest distance) . 

NORMAL 


Steep gradients a re disp layed on 
the radar indicator as relatively 
large cores surrounded by a nar
row ring of bright returns. Con
versely, if cores are not dis
played or if they appear as small 
cen ters surrounded by a wide 
ring of returns, relatively little 
turbulence exists . The inner and 
oute r edges of the bright returns 
surround ing the black areas arc 
two con to urs approximating 
rainfall rate. 
When entering a storm area, the 
pilot s h o ul d en ter an d pass 
through areas where no cores are 
displayed or where core separa
tion is greatest. It is mor e 
important to avoid regions which 
display narrow contour separa
tion than to avoid a reas of heavy 

ra infall which, in themselves, may not be dangerous to fl ights. 
In most instances, a thundersto rm may look to a pilot like a 
single storm cell ; however, a la rge thundNstorm cloud may con 
tain a collection of many individual storm cells in varying 
intensities; i.e, from the init ial ~ ta ge th rough the most violent 
stage and to the dissipating s tage . T hus, the pilot should rely 
on the radar presentation to determine the storm conditions of 
a storm mass. 
S tudies have indicated tha t the average life of a storm cell 
in a thunderstorm cloud is approximately 11h hours. Since 
a th understorm will usually have more than one storm cell , 

characteristics of the storm are changing constan tly . 
H"r£'fore, the pilot when approaching a storm should make 

his Own decision. A fl ight 30 m in u tes ahead would have 
encountered complete ly different cond itions than the pilot wiU 
encounter when he is entering the thunderstoml a rea. 
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Hail in a thunderstorm is associated with either 
strong upd rafts and downdrafts, or is pushed 
upward a nd outward from the cell of the thunder
storm. Damaging hail and turbulence are usually 
indica ted on the radar as fingers, hooked fingers, 
scalloped edges, or V-shaped projections extend
ing from a reas of intense echoes . Experience has 
shown t.ha t these presentations are due to hail 
fa llout. Avoid these projections; they are danger
ous . Also, avoid flights beneath the overhang of a 
thunderstorm . T he overhang of a thunderstorm 
may be a hail-shaft formation. 

10 IIummary. when entering a lhunderlltorm 
anm. IIII! ftilot 'should fly the airerufl arounel 
Ih"'ill: "'lot'lI1t- II,. 1I\'Hiclinl! arenl- "lIi«'h J1rOllut"l~ 
in If'mlf> , hri1!hl r('[urn", If penetration of a 
storm arf"!(l is ne('ee~!lr~· . the pih.t"houl.1 enh>.r 
anel pn",,, throu/!h ar..ul'i \\ her.. no ('ores arl' 
di!ill'la~' ('(l m' \\ here "('paration het"ccn corel< 
jtj till' ,;rt:uk,..t, If. (or exampl.... thl' rUtlar 
intli('atur ha~ ,li"l,lay of Iwo lur~e hlaekI) 

hole" "erlorah-Ii hy 0 uarrow IllriJ' uf hri~ht 
rl~lurll!!O, the narrow hright tllri(1 u!luaJl} 
IleuClte!! an cXlrcmdy lurhul...nt art'a whidl 
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Illll"t hi' avoilletl. If a wid(' urea of li~hl or 
fuzzy rdurn:.. "'{'parate" 11)(' iliad. hl)lt,~, Inr. 
hul,'m'e in Ihil- area i6 :!(>n ..l'uUy miltl. TIlt' 
airt'ral'l j'un he flo,", II tbrou~h Ihe .... Ii ~hl or 
fm'·l:Y rl·turnl'l. mill",ay hchn'p.1l tlw 1.11\('1, 
holt·to, with rdati,,")Y lilll .. "iffil'lIh~' , prllvillin;.: 
sufficient ~eparalinn il'o inrli(·alt'll. 

B. O PER A TING PROCEDU R ES. The opera ting 
procedures for weather interpretation are as follows: 

U:· Start equipment and obtain the initial screen pres
entation as described previously. 

( 2) Adjust ANT TILT control up or down as necessary 
to obtain the desired radar indicator presentation. 
NOTE: Adjust antenna tilt position in small incre
ments; allow sufficient time between adjustments for 
presentation to develop. Use the storm areas above 
and below the rainfall areas. 

(3) 	Turn OFF-STBY-OPR-CTR switch to CTR posi
tion. Check whether heavy rainfall areas (dark holes 
within bright returns) are apparent. 

(4 ) 	 Reduce the RF GAIN control until dark holes begin 
to disappear. The less intense targets will disappear 
first; targets containing greater turbulence will remain. 

~ 5) Operate RANGE switch to position which provides 
most current navigational information. 

C. RADAR WEATHER INTERP RETATION. T he 
following illustrations are photographs of radar indicator dis
plays showing the buildup of a weather front. 

I nitial detection of the weather front is made 
with the RANGE switch in tlw lfiOM I-25MRK 
position and the OFF-STBY-OPR-CTR switch 
(master switch) in the CTR posit ion. 

Th e front extends in az ini ut h from 30 degrees 
right to 60 degrees le ft of the O-degree reference. 
Darli areas with in the bright returns denote the 
presence of rainfa ll in the weather ironto The 
echoes are very intense and sharp-edged, indicat 
ing turb ulent areas. 
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The range switch is now in the 60M I -15MRK 
position; the master switch is in the OPR posi
tion. The closest portion of the front is displayed 
approximately 30 degrees left of the O-degree 
reference at the distance of approximately 40 
nautical miles. 

The extent in azimuth of an active, turbulent 
storm is shown in this display; however, no infor
mation relative to areas of heavy turbulence or 
rainfall gradients is obtainable. An aircraft may 
be flown around this front by avo iding areas of 
intense echoes. 

T he range switch is still in the 60MI-15MRK 
position; however, the master switch is now in 
the CT R position. T his display shows areas of 
heavy turbulence. A n area of heavy rainfall is 
displayed at 0 degrees/35 nautical miles. Smaller 
area..'i of light rainfall are shown at 15 degrees 
left of the O-degree reference and 35 degrees left 
of the O-degree re ference at a range of approxi
mately 30 nautical miles. 

The rapid change from bright to dark at the 
O-degree reference position indicates extreme tur
bulence in the area around the contour of the 
black hole. T he rain gradients at 15 degrees left 
of center are not steep; turbulence may exist at 
this position, but it is not as extreme as at the 
O-degree position. 
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The R / I. NGE swilch is nol{' /11 the 30Afl -lO M RK 
po!;ilion and Ihe masier slit/tell in Ihe OPR posi
li(ln . The brighl. inten.~e I ' Chl)#'$ indica/e (lcllvC 
lurl)u lent areas . No informal ion ;s prescnted. 
hOl/ 'CI'er relalive fa ar('u,~ of rainfall (lnd degree 
/If ILlrbull'ncl? 

Till? close.st porliort of Ihe {rant has advanced 
to approximately .5 degrees left of the O-def!,ree 
refcr~nce (lnd i13 (/pproximately 28 nautical miles 
from t lte aircraft . Sll'ilching 10 Ihe aOMI-lOMR K 
po.~itioTl expands I he imlflcdiatr. informal ion over 
a larger portion of the radflr indicator allOll'lng 
detailed anal),$;.' _ lrl tr)' In ~ O/lfU/ tlll.~ Ilort ion (I f 
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The aCt;UmpanYll1g JIIust rations show the path of an a ircra ft 
~rough a s torm fronl. The port ion of the fron L ex tends in 
~illlulh from 3:) dpgl'ees right (0 50 dcg r('es Ipft of the O-degree 

rde l-encc. 

A light, fuzzy (o r wispy I rdurn i!' ind ica led on (he rada!' 
between 1.5 degrees right to 1() dq{rees lefL of Lhe O-degree 
ref<'l'ence. Since ra infa ll grad ienl cha nge's arc very gradual 
in this area, liltle tu rbulence (·xis ts . Th is area may be penc
lJoa ted safely . T he pilot may a lso elect to fl y the ai rcraft 
a round the s lorm. The ill ustmt ed coursE' of the a ircraft wi ll 
p<'rmit avoidance of the two are.'lS of henvy ra infa ll and asso
ciated tW'bulcnce located a t 25 degrees rig!l! and left of the 
O-degree referpnce . 

The foll owing assum ption:) gmf'rally hold 
true: 

( 1) Areas of ext reme turbulence exist where rainfall 
gradients are highest. 

( 2 ) 	 Turbu lence is highest where a nalT()W ring of bright 
retw-ns surrounds U1C contou r of lhe blnck holes. 

( 3 ) 	 Aircraft shOUld enler weather front preferably where 
no dark holes arc displaycd. 

(4 ) Aircraft should en ter wea ther front where t he widest 
separation of dark holes is displayed. 

~ 5 ) Aircraft should be navigated to avoid the arcas of 
contour "squeeze" ; i.e'., where the con iour is :;:quc('zcd 
to on Iy a narrow, bright ring surrounding the center 
of rainfall. Areas of heavy rainfa ll need noL be avoided 
where a wide conlour ring of li ght, wispy re turn 
surrounds lhe a rea of maximum prec ip it a tion. 

(6) 	T he aircraft should be navigated to avoid areas of 
con tour "squeeze" whpll lpaving Ihe wea th er front. 
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G ROUND MAPPING 

A seconda ry functi on of the WP-I 0.1 is 
the presen lat ion on the radar indicator of a ground map which 
shows the location of cities, lakes. rivers, moun ta ins, and 
shore lines. When the OFF-ST BY-OPR-CTR switch is in the 
OPR position and the antenna is tilted below the horizontal 
reference (0 degrees), a circular segment of the terra in in 
front of the aircraft is scanned with each sweep of the antenna. 
This area of scan is similar to that which would be illumi
nated by a narrow beam of light from a flashlight which is 
elevated, tilted downward, and rotated about a vertica l axis. 
As the aircraft flies over the terrain, succeeding circula r seg
ments are scanned and displayed as a ground map on the 
indicator screen. 

The width of the segments varies with altitude and the tilt 
of the antenna. A wider segment is scanned as the a ltitude 
of the aircraft increases or as the antenna tilt decreases. F or 
instance, at an altitude of 20,000 feet and an an tenna tilt of 
10 degrees down, a circular segment approxima tely 15 nautical 
miles wide is scanned with a 12-inch antenna. A segment of 
approximately 10 nautical miles is scanned when the aircraft 
has an 18-inch antenna. If the altitude increases to 30,000 
feet, a segment 22 miles wide is scanned with a 12-i nch 
antenna or 15 miles wide with a n I S-inch antenna. T he ground 
map display is similar Lo a n ordinary pilotage char t and 
can be interpreted easily. Cities are characterized by the intense 
echoes, ground by lighter echoes, and lakes and rivers by 
echoes of the least intensi ty . Ground-mapping is especiallv 
valuable during darkness and other conditions which re.~lr. · 
visibility. It should be noted that the scanned areas a re dl~ 
played in range with respect to the posi tion of the aircraft and 
in azimuth rela tive to the aircraft heading. 

Pro cedures for 
obtaining a ground-map presentation are as follows: 

(1) 	Opera te OFl<'-STBY-OPR- CTR switch to OPR 
position. 

(2) 	Adjust ANT TILT con trol to obtain desired area 
scan. 

(3) 	 Opera te R ANGE switch to desired range. 
(4) 	Turn RF GAI N control fu ll y clockwise. 
(5 ) Turn RF GAIN control slowly counterclockwise until 

cities can be differentiated from surrounding terra in. 
(6) T o 	obtain the correct contrast to permit mapping of 

terra in and rivers or bodies of water, the R F GAI N 
control should be turned fa rt her counterclockwise. 
Bodies of water will be presented as shaded strips. 

26 27 



~ 

~.. 
'10 

-'....-..... 

\ 

..~ 

'.. 

N 
An aircraft flying 

over terrain which includes a river 
is shown in the accompanying illus
t r at ion di agrams A, B, a nd C. 
T hese diagrams show the terrain as 
scanned by the radar beam. The 
aircraft is flying at an altitude o( 
approximately 10,000 feet with an 
antenna tilt of 6 degrees below the 
horizontal plane. A segment of ter
rain approximately 19 miles wide 
is scanned by the radar system. 

Each diagram includes a ground 
m a p p resen ta h on which displays 
the areas scamled a t each position 
of the aircraft. Successive, insta.n
taneous aircraft positions a re desig
nated by P I, P2, and P 3. 

One section of the river is scanned 
and d isplayed in diagrams A and 
B. T he fork of the river is scanned 
and displayed in diagram C. The 
river fork in the map display of 
diagram C, in conjunction with a 
pilotage cha rt, clearly fixes the posi 
tion of the a ircraft. 

In all diagrams, the scanned ri ver 
areas are displayed as shaded strips 
within the brighter return from the 
surround ing terrain. 
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DEFINITIONS 

Rain/all Gradient 
Variation of rate of rainfall with 
distance. 

Target 
Weather front or terrain from 
which radar energy is reflected. 

Echo (or echo return) 
Reflected energy (from targets) 
which appears as a bright spot 
or area on the screen of the indi
cator unit. 

Sweep Trace 
A b right radial line which 
extends from bottom center to 
the outer periphery of the indi
cator screen. 

Range Circles 
Calibrated concentric circles on 
the indicator screen from which 
distances between aircraft and 
targets can be determined. 
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