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I. OBJECTIVE. 

( \ X 
(C) The objective of this program is to obtain data concerning 

Píenofoccurring during the flight of ballistic missiles 
with the object of seeking explanations of these phenomena. 

/ X The reasons for vishing to make measurements in Australia are: 
( ) The trajectory of Black Knight provides a unique opportunity of 
tracking from launch to impact from one location*(b) The Black Light 
research program vi 11 include experiments with a'variety of head 
materials and fli.ght conditions not normally available on .American 
missile ranges,,(c) The trials conditions mandatory for Black Knight 

firings in Australia provide better opportunity for 
optical observation than do firings on American ranges. 

II. INTRODUCTION. 
/1 

, . 1\/CLIn S??tember 1959> a «as given at the International 
Astronautics Congress in London, that presented the results obtained by 
Operation Gaslight during the re-entry of Ballistic Missiles on the 
Atiantic Missile Range. Following this conference, meetings were held 
at the Royal Radar Establishment (RAE) in Great Melbourne and at the 
Royal Aircraft Establishment in Farnborough. At these meetings a 
common interest was discovered between the United States, United 
Kingdom (U.K.) and Australian representatives in relation to range 
measurements for Ballistic Missile Defense a, ___ 

conferences, representetives of the United Kingdom contacted 
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representatives from Advanced Research Projects Agency ÍARP/) to 
investigate ..he possibility of the utilisaUon of the^em oï Gaslight 
equipment on the Vioomera Range in ! istralia. 

2. (G) In November of 1959, Mr. A. J. Grobecker of ARPA and 
Dr. David D. Woodbridge of ABMA 'now affiliated with ARGMA), had a 
conference with representatives of Royal Aircraft Establishment at 
Famborough. The objectives of this conference were as follows: 

• a. a' ^n'terchan8e the results of recent program measurements in 
the interest of ballistic missile defense research. 

b. Determination of tne potential contribution of the Weannnq 
Research Establishment activities on the Woomera Range to the United 
States program on the range measurements of ballistic missile defense. 
Consideration was given to the instrumentation of the Woomera Range 
and the characteristics of the United States missile program. 6 

; A deíerminQtion of Potential use of United States equip¬ 
ment a*id personnel at Woomera, specifically, the possible use of * 

f0r 0bäenr“tions °f Knight missiles 

d. Determination of the interest of the United Kingdom in 

W^r?R °r balliSíic defense and this relationship to the 
Woomera Range missile program. 

?' p(C)v Foll°win2 the meetings at the Royal Aire-aft Establish- 
t in Famborough, Mr. A. J. Grobecker and Dr. David D. Woodbridge 

were accompanied by Mr. j. r. stretton and Dr. A. W. Lines from îhf 
oyal Aircraft Establishment to Salisbury, Australia, to meet with 

representatives from the Weapons Research Establishment (WRE) that 
operate the Woomera Range. While in Australia, meetings were also 

United^? T6 “ian Department of SuPPly m Melbourne and the 
United States Embassy in Canberra. At that time a trip was made to 
the Woomera Range to inspect potential sites for the Operation 
Gaslight equipment. ^ 

V mee'tin8s in England and Australia resulted in decisions 
by the representatives of Royal Aircraft Establishment, the Weapons 

mprese^tí^11?*11”611!01’ Departinent of SuPPly in Australia, and 
representatives from Advanced Research Projects Agency that the 
Operation Gaslight equipment should be moved to Australia to ^ke 

Sr«ïî°™^T"entS v” the BlaCk Kili8ht ^58116 “ä other available targets on the Woomera Range. Also at this time the Australians drey 

This nîZînf IP'0,1?“!?0'1 f0r Ration Gaslight work in Austral. 
p anning specification has become the agreement under which 

measurements have been made in Australia. 

-- 5i\¡ The Advanced Research Projects Aœnov m+chi*Am,* 
uraer 114-bO with the Anny Ordnance Missile Co^d (Si) tfca^ 
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out the agreement established with the British and Australians 

relative to measurements on the Woomera Range during calendar year 
I960. This order provided $150,000 to accomplish the measuring 

program on the ’’oomera Range. Since the issuance of ARPA Order ll4-60 
firing delays of the Black Knight missile, and increase in the scope * 

°f! y°ï!k hGve resulted in supplementing the order by the amount 
of v52,000. The ARP/- Order ll4-60 stated that the responsibilities 
of AOMC shall include: 

a. Providing the appropriate U. S. optical and infrared 
equipment necessary for the desired measurements. 

b. /chieving agreement on implementation of the following 
anticipated arrangements for cooperative action by the three nations; 

(1) U. S. equipment furnished will be mainly manned by 
personnel of Weapons Research Establishment, Australia, with minimum 
training by U. S. personnel. 

(2) Equipment will be available for return to the 
United States by January 1961. 

(3) Results of testing, both in the form of broad data 
and analytical results will be made available promptly to appropriate 
U. o., UK and Australian agencies. 

Plans made will be mutually acceptable to the 
U. o., UK and Australian governments. 

III. WOOMERA RANGE. 

1. (U) The Woomera Range head is located approximately 300 miles 
north of Adalaide, Australia. The entire range provides for 1250 mile 

trajectories (over land), but the actual land trajectory of the Black 
Knight missile is only 65 miles as the missile is fired almost 
vertically. A map of Woomera Range relative to Adalaide and the 

Australian site is shown in Figure 1. The climatic conditions on the 
/oomera Range are those of a desert. The average rainfall amounts to 
about seven (7) inches which often times may fall as low as one and 
one-half inches per year. Temperatures range from 85 to I03 degrees 
at Woomera in December, which is summer in the southern hemisphere, to 
temperatures of 50 to 70 degrees during their winter months. The 

atmospheric conditions are excellent for optical measurements with 
transmission in the visible region of the spectrum generally better 

then 85 percent. Stars are often seen at altitudes of less than one 
degree from the horizon. 

2. (u) The town 
people, and is located 
Australian Rn-nvnv a 

'■'V ' d 4 

of Woomera has a population of more than 4,000 
about five miles from Pimba on the Trans- 

¿uno xi\jul riiuuti to woomera. 

3 
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FIG. 1 MAP OF WOOMERA RANGE RELATIVE TO ADELAIDE AND WESTERN AUSTRALIA
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ir. horrli-.ontál J!"S® ls mraOmMf 65 miles 
r' n^e : s shov.r. in Figure ?, ^ n ,-*r r ’ ' ^i/Pical scene over the 

firings í8 555^ °f range uoed the Black 

Fínge^'the^éri^ish^üve^irced'consider^bleConfí t^0ns — the iWra 
O tt,Ke ndynntrge of the much superior di-erim^0n 0ptlcal Sterns 
fü,o Vi:Velength devices. Bec-use tho tion of °Ptic3 over 
devices, practically cll c, ^fj?nde^nce of the optical 
be tiuring the hours of u.-rhne- n? ^ ghí flTin& planned to 
cir.ethedolite or meres .re (nnT lor tc burn-out, the orthodox 
of the velocity end UtHude deterrainati^ 
U°ea t0 Photogrtph p;/rotechnic or electroní’ omeros are 
/ ecurf te timing of these fl; shc. i! 5lfl0hes from the missile, 
ground detector instruments'loc.^d T ™™, * vehiclc^orne and 
entry, optical tneking is again employed. ^ P°S'tl0ns- firing re- 

'• (c) In addit'on to tho ^ ■ 
there Blso 0X1«» eultenca rBi„r ÏÏch ? <» the ««8» 
uc‘ta anri launch data during the burnin-r ™ ohes fRlrly good lateral 
nre installed around the impact are-‘to det m- loC£ltion stations 
point of re-entry into the atmosphere the 
demands a knowledge of the v':m' -r ■ To accomplish this accurately 
•ell ». the tempeLure prenîe. CtUre the »tmoSpherc “ ^ 

rcJaJt i*«’) '^3 telemetry 
Building. These are used to tînek ÏÎe ^ ^ 
re-entry phase. For ascent, fixed - r 21» 0n RSœnt má durinß 

nürrov be^ arrays "re l T Ufd Md for re-^try 

Pheee. To cover from bun^t at g5“ »0 cover the re-itry 
stotions are employed at 3olt=bury s’me 0t 50° tTO 
“d “rC '1“^ automatic tLSTg the lamCher 

bl/ ck KÏÏIGîîT MTOO it p 

enable thefr ^ the British to 
research for the development of tíe ÏÏ ,%! »? “> Inform applied 
nussile was constructed suci that it«; ^ B1Ue otreak fissile. The 
rltí the -aP°n, but would ie sLuer Z lT™ ^ be COmparable 
tests to be made under more flexible exPensive, enabling 
economy than with the weapon itself °ndltlons md vi^ greater 

Ql'ick Knight includedPproblems plaMed for the 

someJ> --pec t-f r>f3 ^ the P^se, Vith 
0J7!C ' ^ets 0I propulsion, testing of «;vR+o™¡ ~T 6UidiUlce research, 

representative envi_;, the dlvelopL^ftst“ ^ 
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rc-nge techniques, end the r.cc amulet ion of designs and test 
•n tto u# performance taUiotic nlssne n.lT Se veXodties 
specified ranged from 10,000 to 13,000 feet per second, which was 

ptrnned to be typical of the Blue Otreuk re-entry velocities 

PV,CJ' fhc British conducted a study program of all of their 
existing rocket engines to determine which of the available engines 
could produce the type of performance desired for the Black Knight 
missile This study showed that tnelr Gamma engine could be aí^ged 
to give burn-out velocities of 12,000 feet per second with a ^eTv 
nose cone of 200 pounds and an instrumentation payload of 650 pounds 

component^sts^For^íarge^payload^^the^fo^^0110^ ^ 
=rx?e replaced by n„ “vT 
re-entry epeedc of nbout X7.0O0 feet per second for a IW p^d ^ 

(c) The Gamma motor consists basically of two combustion 
chambers, each supplied by its own fuel and oxica.it turbopunrps These 
pumps are driven by steam derived by catalytic decomposi^Tof a 
fraction of the mam hycrogen peroxide (H. T. P.) supply. Each 
chcimber has a thrust of 4,000 pounds at sea level. 

1 • r. I'. ^ The engine was designed for aircraft use so that its 
much in access üf ^he ballistic missile requirement 

daLl6h°H0 P°rd thrUSt required tu 3ive the Black Knight the prel 
described perfomnce was obtained by the use of a fouf chambeHesign 

schematic diagram of the engine is shown in Figure 4. The weight ^ 
Dreakdo*n of the missile is shown in Table I. ^ 

6. (c) The combustion chember is re-refl?enpTfl*Mv<aiv Ä^ ., 
oxlcant which is an 85 percent concentaUonTf yS Sn^pe S ^ 
The Chamber is comprised of an outer jacket and Z iZr St with 

aâí LSS f0Uni the lnner J“ket t0 provide a contraed cooSíg 
g p. uefore entering into the combustion chamber, the H. T P is de 
composed into steam and oxygen in a catalyst pack at ?he top of Le 
chamber. This pack is built up of silver plaied nickergauL disL 
Kerosene is the fuel used and the engine is operated at fnSin«? 
oxidant/fuel mixture ratio of 8 to 1 ^ &t a nominal 

rarrnnJrj ^ RoyGl Aircraft Establishment specified that the 
I engine should have a specific impulse of not less than 206 

seconds using H. T. P. with a concentration of 85 percent and kerosene 

Lmuf/S L<ÎUl"a S LlntEined at 16'000 pou,,iu (at 868 

LSnTL“1110“^ ^ mgíroílbe 
Ofaîo A requirement was made that the engine nuit have a life 

at ful1 thrust to cover initial 
calibration and static testing of the complete vehicle. 

8 
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FEED PIPE 

FLEXIBLE 
BELLOWS 

TURBINE 

KEROSENE PUMP 
H.T.P. PUMP 

MAIN H.T.P. VALVE 

KEROSENE 
TRUNNION 

COMBUSTION __ 
CHAMBER 

HIP. TANK 

H.T.P. INLET 

HIP. DECOMPOSER 
FOR TURBINE 

KEROSENE 
VALVE 

HIP. TRUNNION 

HYDRAULIC SERVO 
ACTUATOR ASSY. 

RELEASE BALL 

FIGURE 4 SCHEMATIC DIAGRAM OF GAMMA ENGINE 
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T/BLE I 

VEIGIIT BR--./.1T.0 for rJIIJGU-,' ET/ GE BLACK- Kmr.w 

STRUCTURE 

Tanks 

Propulsion Bay 
Head Ejection Bay 

150 lbs 

51 lbs 
10 lbs 

AGINES 

TOT/1 

Combustion Chambers and Trunnions 

itimps, including steam generators and 
H. T. P. valves 

211 lbs 

280 lbs. 
160 lbs. 

^40 lbs. 

FJEL CY3TEM 

Pipework and Pressurization Equipment yo lbs. 

CONTROL SYSTHi 

uxx pump ana drive, valves and jacks, reservoir, b 

accumulator, servo amplifiers and auto pilot gyros 
Electrical power supplies ^ 

25 lbs. 

instrumentation 

Main body telemetry, command break up 
receiver, radar transponder 

Unburnt propellants 
Head and Payload 

PROPELLANTS 

58 lbs. 

50 lbs. 
200 lbs. 

H. T. P. 
Kerosene <9»938 lbs. 

1,242 lbs. 

TOTAL 

Take-off weight 

Weight at end of burning 

Il,l80 lbs. 

12,299 lbs. 
1,119 lbs. 

10 
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the LJSL Z r “ ~ - 
;f i?XTe s"16 sho™ ^ 

ele=tronlos\arÄf SC^.1.tC^.bay’ 

b. The propulsion bay. 

c. Fins and fin pods. 

d. Re-entry head, or second stage assembly. 

b0“ui“e^ 

assigned the task o/gatheriniTre^nt^i3.^ ^33^0 «as 
nose cones have keen 

»ateniais ^as^T^SS64 ^ te5tlng °f ^ 

standard for late? e^irents?81 ^ pr°ïl4e teehniques and a 

for ^ ve^Äelf^ Z ^ 

d. A heat-sink nose cone. 

These nose cones are shown in Figur 7. 

« _ 10¿-, ^ 1116 I^rformance of the Black Knight was + v 
comparable with the Blue Streak missile extended to be 

r ä sr.-s.TSr“ r “ “«“•» 
íSssrSsi—lSrrS “ configuration is shown in Table II. B1 * tW0'8tage 

of about JMsdS^.81^'^ Sr? meh\h*s 8 altitude 
stage Loo doto? Äst^Ä“?“^ ? "T* 
Of 350 miles. A tvnicai vo^^fT conilSura^ion has a maximum altitude 

Knight missile trajectory is shown SingJf‘8ta8e Black 
the flieht tin*» nf +v.a -m -_i- .r,.. , . —gure_9. Jt is worth notine that 

of a U. 'S. ffiä alssue“ tecÄmtheS1^ - ^ Si,nilar to th« ' 
is possible to obtain both U^ch and xe^ Ä^tÄ“ 
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FIGUHE 5 SINGLE STAGE BLACK KNIGHT MISSII£ ON LAUNCHING PAD
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HEAD 

EJECTION BAY 
ELECTRONICS BAY 

KEROSENE TANK 

H.TP TANK 

BASE BLEED 
HOLES 

ÍTT 
FINS-PI, Yl, P2. 

ELECTRICAL SHORE SUPPLY SOCKETS 
■TELEHETRY AERIAL (HEAD) 

COMMAND LINK 
RECEIVER AERIAL 

INTER TANK BAY 
(PRESSURING EQUIP.) 

DESTRUCT" DETONATOR ASSY. 

LEMENTRY AERIALS 
INSTRUMENTATION 

M POO 

TELEMENTRY 
AERIAL (HEAD) 

CABLE LOOM FAIRING 

EROSENE PIPE FAIRINGS 

DESTRUCT* DETONATOR ASSEMBLY 
RIP PLUG 
TRANSPONDER POD 

PROPULSION BAY 

FIGURE 6 SCHEMATIC DRAWING OF SINGLE STAGE BLACK KHIGHT MISSILE 
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TABLE II 

DRAG IND PERFORiWCE FOR A 
r.'/O-STAGE BL/'.CK KlilGKT l-aSSILE 

EJ STAGE CHAR/.CTERISTICS 

See level thrust 
Take-off weight (all up) 

Burn-out weight, including second stage 
Burn-out velocity of first stage with heavier 

payload 

16,150 lb 
12,750 lb 
1,919 lb 
9,000 ft/sec 

CUCKOO MOTOR CHARACTERISTTOr, 

Sea level 3. I. 
Charge weight 
Case venturi weight 
Vacuum 3. I. 

SECQI.D STAGE CHARACTERISTIC 

218 sec. 
400 lb 
124 lb 
240 sec. 

Separation weight of second stage Coh iv 
Payload weight of second stage ^ ¡7 

(including separation equip, and instrumentation 
external to re-entry nose cone) 

TRAJECTORY 

Burn-out altitude of first stage of propulsioi 
Apogee (for 200 mile range) 
Ignition altitude of second stage 
Second stage burn-out velocity 
Bum-out height 

Approximate flight time from launch to re-entry 

325,000 ft 
315 miles 

325,000 ft 
17,480 ft/sec 

230,000 ft 
770 sec. 
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FIGUR£ 7 TYPICAL BLACK KMGHT RE-ENTRY NOSE CMffiS
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ÜJ 
o Z 

FIGURE 3 SECOND STAGE CUCKOO I40TOR AI® RE-ENTRY HEAD ASSEMBLY 
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TYPICAL VERTICAL 
FIGURE 9 

CROSS SECTIOK or SINGLE STAGE BLACK KNIGHT MISSILE 
TRAJECTORY 

17 
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instrumentation site. This type of trajectory also provides the 
opportunity to make radiation measurements during mid-course of the 
missile's flight. 

12. (C) The second stage Cuckoo motor is fired just prior to 
re-entry of the nose cone. Ignition just before re-entry, produces 
the same maximum re-entry speed as would be obtained by igniting the 
stage on ascent soon after the first stage burn-out, but has the 
great advantage of limiting range, height, end dispersion. A higher 
velocity can be obtained by igniting the Cuckoo motor just prior to 
re-entry than at apogee. This fact can be shown as follows. 

13- (U) Consider case one in which the Cuckoo motor is fired 
at apogee. 

Let 

M1 8 of ejected gases during burning phase 

U]_ • velocity of ejected gases 

M2 s mass of nose cone plus Cuckoo Motor 

U2 ■ velocity of nose cone and Cuckoo Motor due to ejected gases 

From the conservation of momentum 

Mlul = m2u2 

The total kinetic energy produced by the propellant is: 

1/2 M1U1 + 1/2 MgUg 

First consider the Cuckoo Motor fired at apogee. 

The velocity of any object in free fall is given by: 

2 2 . xr z ir~ +■ 2 g s 
0 

where 

7/" - velocity at any given height 

~U^ = velocity at some initial height 

g * acceleration due to gravity 

s = distance between the height of 7/and the height of If 
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The velocity of Mg at re-entry altitudes will be given by: 

~Ü~2 ' (U2+2 Ss)l/2 

This assumes that velocity U is provided nearly instantaneously at 

expressed^s:Vel0CÍt^ °f ^65 &t this “an be" ' 

i r / 2 i/72 
^1 " (u 1 ^ 2 g s) 

14. Li the second case, if the Cuckoo motor is fired just prior to 

rtU Se Íhe^elocuroJf ^ CUCk00 and 

V3= {2g5)V2 

before the Cuckoo motor is fired. Additional velocities of and 
U2 are then Slven to ^ and Mg so that they then would have: 1> 

: (2 gs)1//2y- UL 

and 

Now 

~lJ~2 = Ss)1//2^ u2 

(253)1^2^ U, (2gs + U^)1^2 

So greater velocities will be obtained by firing the Cuckoo Motor 
as close to re-entry as possible. 

The total kinetic energy in both cases are the same 

Case I; 

Total KE : I/2 2gs) + l/2Mj(U^ t- 2gs) 

or KE = 1/2 + 1/2 ^ + (M^^) gS 

Case II: 

Total KE = 1/2 M, jjigs)1/2 -uj 2y. 1/2)^ [(Sge)1/2^ l]l?' 

or KE = (M^Mg) ga+ l^uf y-1/2 ^ - M^figa)1/^ MjUjlgs)172 

From the conservation of momentum: 

M1U1 = M2U2 
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So 

KE = Mg) gs 1/214 1/2 MgUg 

which is the same as given in Case I. 

15- (¾ A comparison of the British Black Knicht Míssil« ih+v, 
a number of the Aneriean missiles is shown in labS fll 

V OPERATION GASLIGHT EQUIPMENT. 

rii~ ä 
ration sights of Coondambo (CÍs/and Parakyliä (ciq) the obser~ 

at Coondambo was as follows: —gurejj. The equipment 

a. One J+RK1 radiometer with a lead sulphide detects 
package and a reticle chopper to obtain data in £he 1.8 ÍÕ 2 7 mir™ 
region of the electromagnetic spectrum. 

of the lens a^Tusi" M/X mL™ ^ " tran5n,issi0” 1» front 

C. One 16mm GS/tP camera used as a bore-sight camera. 

d. Two spectroballistic cameras with Bausch ann rmmv. + 
mssion gratings having 300 lines per mm blazed^or 6 MO 9^in 
first order and using high speed iSrared fi^ ,00° X in the 

2- (C) At Parakylia the following equipment was installed: 

“ r • âs-æ-ï ~ 
b. One 35mm Eyemo camera with a wedge in front of 

to give multiple image IM/x on the film. Thfpïoosê of th^% 
vas to eliminate the loss of data of flln, due tota^ioí r° 

c. One 16 mm GSAP camera used as a bore-sight camera. 

d. one four-barrel photometer with the following characteristics: 

ÇÜÏÏÏÏSi gCA Tube Filter Width 

6?17 cflco H * 
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Channel 

2 
3 
4 

RCA Tube 

7102 
6217 
6903 

Filter 

7915 A 
6825 À 
4205 À 

Width 

IO5 A 
105 A 
99 A 

c. tout spectroballistic cameras with Bausch nnrt t.™»* 

rrs oää -““.Toco¿ 

at each of the si^ recordinß equipment was located 

center of the picture nearest the f ' located in the 

shaped atructuL to the“ LI ÄL ^ ^ 

housing for a BC-h BaUlstlc Oaaera. A number oflLÄ“ ^ 

The cara™™“?: Ld“thethÄSef0r ““ra- 
Hulcher cameras. The caravans lust heM a ne^1Pmen't h°ll several 
the power, communication and teíemet™^ ^811^ equipment are 
is approximately 45 miïes^rom v“e. The station 

for a re-entry expl?^# Se ia 

r«b^t^t!L“ ^C,ir" - 
^ÄL-diTc^ a 

^Lrrf^ieST f 
LdlBoLT'8i8hî ae ^loLeL^L^LtLL rlLV^e'^ 

deScto S'beUrtel “T ^ 8Ulphlde w'^»tor 
the trach^ng ^pe V L SIi the 18 
a 35- Eyemo with a Late ¡TLont^? ÍÍT? “"ra ls 

rightL^tL z rÆLr ^ v^r ê?*tto th8 
LTLf: t~rSre lnclud8 ~L^Tgnt 
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c Dr. Peter Crosby of the Weapons Research Establishment 
Salisbury, Australia, has calibrated the Gaslight equipment on the ' 

is°nossibW and+!laS+COnStructed a series of nomographs such that it 
by ?he eoSn^nt T th®i;apParent temperature of an object measured 
^Íje ^üipment. Figure 1¿ shows his calculations of the radiance 

a blaS b0dy in VattS ^ Per centimeter for 
temperatures in the re-entry range for various wavelengths. It is 
most interesting to note that for objects with a temperature in the 
range of 500 degrees kelvin, the radiance in the 5.0micron to 10 0 
micron region, is of the order of magnitude of the radiance o? 0 4 
microns for a body of 2,000 degrees kelvin. 

5- (C) Figure 16 shows the results of Dr. Crosby's calculations 
on the ability of the unaided eye, a 10 power binocular and a Baker 

The0horizontal ^ ^ ^ of a body at various temperatures. 
The horizontal line represents the threshold of the various instruments 

ïïea of abou? ^ “ emi8sivity of 0-5 and a surface 
area of about 7,000 square centimeters. These calculations also are 

in2tî^fnt diStance oi approximately 4o miles from the observing 
from^Tp u v re'entering object- This is the approximate distance 
from the Parakylia instrument site to the re-entry point It should 
be noted that while the 40 „ilea is the ,^aal di" the 

afiSTf located at Parahylia, the Bake. .;.mn cabera which is located 

matPiv ñn :iY’ statl0n> has an actual distance of approxi¬ 
mately 80 miles to the re-entry point. Because of this fact the 
actúa! observability curve of the Baker Nunn camera would be’m^ed to 
the right on Figure 16. This would mean that the Baker Num 
should certainly observe a re-entering object when it reaches the 

!mP?rSUre °f Sllghtly more than 1,100 degrees kelvin at a ranee of 
about 80 miles. This corresponds to the Baker Nunn ability to observe 
an eleventh magHitude star. The threshold line on the no^aph c^T 
asily be adjusted for various surface areas, emissivitv and relative 

performance above or below those assumed. No reduction in the 
irradiance due to atmospheric attenuation was used in the calculations. 

6. (C) Dr. Crosby has performed similar calculations for +Vip 
radiometers photometers, and spectroballistic cameras located at 
iarakylia. Figure 1? shows the nomograph for the radiometers at 
arakylia and at Coondambo. The lead sulphide detector in each of the 

instruments, has been found to be of different sensitivity. The 
distance from the instruments to the re-entry object has again been 

onTgu« i^i^ft1:8' ^ h0riZ0ntal line ln 'he -n"r ofnthb:e^ph 
on figure 1J is set to represent the energy received by the radiometers 
to cause a two (2) milimeter deflection on a 50 micro-volt per centi¬ 
meter scale. It is interesting to note that if the radiometer at Coon 
dambo were located at the Parakylia, it should be ablHHetecf tSe 

950 S^eêsJkeív°n 'f “í''1* “d at about ,, s1666 xeivin. The actual radiometer at Parakvli« vnuiH 
aeuect tne same object until it reached 1,200 degrees ke™ïn. 
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temperature of ^ re-enterlrie obJ«t attains a 
temperature of 1,300 degrees as shown in Figure 16 because of restric¬ 
tions imposed by visual acquisition and manual trickini? t-p n t 

of,5ysten wre use¿ for 
t í1, y,°í“<:5uiring datn earlier in the re-entry history 

with the lead sulphide radiometers. Similar calculations for the 7 
Peters at Parahylia and for the spectroEraphs are shoX ^r« 

VL MIOSILIC BK08. 

. ..1, . ^ The British Black Knight iMissile BK08 was a two-stace 
missile with the second stage approximately as shown in Figure 8. The 
missile was fired at Woomera, Australia on the 24th of May^ioSo The 
radiation from the motor flame was first recorded by the lead sulfide 

such ZI burn-oTofÄsHiSe va? “Zr af+?? SdTd 

motor flame was visible until approximately + ISO seconds SãÍ 
site. No record was obtained with the lead sulfide radiometer 
ParaJcylia on this flight. The visible radiate ïÎom tt^r îid 

SÆre ni???"6''8?0 be reCOrde,i blr the ¡'»««“ters at 
of BkS? aJSl Ä 

whSV:2ea4iÄ-on?iSL“n8lty 18 Pl0tted °n a 108 S“le 

from Coónalnbo I ^ 

L Per^if ?rerr Lw? “ 

ír^?8’~ 
(f) The re-entry was first recorded at Parakylia at -h 8^1 o 

T^P s ífco?:4 "“f41'1? °n the radiometer at CooXbo íat af'9 
T 032.5 seconds. Radiometer records from both locations term,-nr+-^ 

Str0ng Impllse at + 839-6 -col grammed for the second stage to ignite at 4- 74k conreo , ^ 
to occur at + 752 seconds6 The Hy “ tte7„l TtZZZT* 
phenomena of 79-9 seconds was due to two factors. 0 ^ 

c+onss not®* ^ eleven seconds longer burning time of the first 

b. The failure for the second stage (Cuckoo) motor and 
nose cone to separate from the first stage propellant unit. 
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As a result of the failure to separate, the second stage did not 
ignite and the complete missile re-entered as a single unit. The failure 
of the second stage motor to ignite also resulted in the re-entry velocity 
being much less than the desired 17,000 feet per second. The actual 
re-entry velocity of BK08 was about 13,000 feet per second. 

4. (S) The re-entry phenomena as observed by the Baker Nunn 
camera at the I. G. Y. Minitrack station is shown in Figure 22. The 
phenomena first recorded by the instruments at Parakylia and Coondambo 
was the brightest flash recorded on the film at A. The upper part of 
the re-entry trace recorded by the Baker Nunn camera was too faint 
for the eye to detect as was shown in Figure l6. From the curves of 
Figure 16, it has been estimated that the temperature of the re-entering 
missile was about 1200 degrees kelvin during the time it created the 
faintest part of the trace on Figure 22. It is also evident from the 
Baker Nunn picture that there occurred considerable fluctuations in 
the visible radiation at these reduced temperatures and high altitudes 
From the trace between points B and D on the Black Knight picture and 
from reports of observers, it is evident that the Cuckoo motor and 
nose cone separated from the main part of the missile at the beginning 
of visible re-entry. When the two traces, observable in the lower part 
of the Baker Nunn picture, are extended back, through the brighter part 
of the re-entry glow, they intersect at the point of brightest glow. 
Based upon this picture it is assumed that separation took place at 
the point of the brightest flash. From the detail of the Baker Nunn 
picture it is also possible to associate sudden increase in radiometer 
and photometer readings with particular parts of the re-entry picture. 

5- (S) At point A where the missile was first observed visually 
the missile was at an altitude of 135,250 feet and was travelling 
with a velocity of about 13,000 feet per second. At point H where the 
last glow was observed from the nose cone, the velocity was about 9,000 
feet per second and at an altitude of about 81,000 feet. Table V 
presents the range timeç, altitude and velocities for the points noted 
on Figure 22. 

POINT 

A 
B 
C 
D 
E 
F 
G 
H 

RANGE TIME (Sec) 

831.6 
833.2 

833.7 
834.8 
835.6 

835.9 
836.I 
836.6 

V 
ALTITUDE (Ft) 

136,000 
117,200 
111,300 
99,500 
90,700 
87,800 
86,000 
81,400 

VELOCITY (Ft/Sec) 

13,200 
12,000 
11,580 
10,660 
10,100 
9,820 
9,460 
9,110 
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6- (c) Figure 23 is a plot of the altitude and slant range 
versus time, for the re-entry of BK08. 

?. (S) A plot of the radiant intensity as calculated from the 
recordings of the lead sulfide radiometer at Coondambo as a function of 
altitude for BKO8, is shown in Figure 24. Figures 25, 26, and 27, 
show the radiant intensity as calculated from the recordings õfthe 
photometers stationed at Parakylia. 

8. (S) A cine-spectrograph (Figure 28) was obtained of the BKO8 
re-entry at the point where the Cuckoo motor separated from the main 
stage of the missile. This spectrograph indicates radiation conditions 
when the missile was at an altitude of 136,000 ft and had a velocity of 
13,200 ft/sec, which corresponds to point A in Figure 22. A densi¬ 
tometer trace through the spectra is shown in Figure 29. The 
aluminum oxide bonds are characteristic of the missile booster as shown 
by previous Gaslight measurements on Jupiter missile (l - 8). 

9. (U) Just prior to the firing of BK08, a virtual temperature 
profile up to 120,000 feet was obtained. The profile shows the 
tropopause to be located at about 43,000 feet with a minimum tempera¬ 
ture of about -65 degrees. This temperature profile is shown in 
Figure 30. Unfortunately, humidity measurements were not made at this 
time. At the time the missile was fired, the temperature at the ground 
was 49.7 degrees C with a relative humidity of 67 percent and a pressure 
of 1,007.8 mbs. There were a few fine isolated clouds at about 5,000 
feet. Very good visibility and a wind of about five feet per second 
from the South, Southeast. The temperature profile for the firing of 
BKO8 is quite typical of the conditions on the Woomera Range. As a 
comparison, Figure 31 shows the temperature profile for the firing of 
BK06 which occurred in October of 1959. In this case, the tropopause 
is at 55j000 feet. The high altitude of the tropopause appears to be 
more common over the Woomera Range. At the time of this profile 
ground temperature was 73.9 degrees F, with a relative humidity of 36 
percent and a pressure of 995.9 mbfe. 

VII. MISSILE BK09. 

1. (C) The Black Knight Missile, BK09 was similar to BKO8 except 
in minor modifications to the nose cone. The nose cone of BKO9 had 
the durestos applied in sheets to the side rather than being machined 
out of solid durestos blocks. 

2. (c) The missile was fired at Woomera, Australia, on the 21st 
day of June, i960. All aspects of this flight were essentially as had 
been planned and the first and second separations occurred according 
to the program. The Cuckoo motor ignited at approximately 380,000 feet 
which provided a re-entry velocity for the nose cone of about 15,600 
feet per second. 
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FIGURE 25 BK08 RADIANT INTENSITY DURING RE-ENTRY (4205 Â) 
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FIGURE 27 BK08 RADIANT INTENSITY FURING RE-ENTRY (6825 Ä) 

44 

SECRET 



FIC3URE 20 CINESPECTRAGRAPH BKO0 RE-EOTRY at 136,CXX) FEET
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FIGURE 29 DENSITOMETER TRACE THROUGH CINESPECTROGRAPH 
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3- (S) The lead sulfide radiometer at Coondambo acquired the 
motor flame at + 20 seconds and continued to track the missile during 
the ascent until about 120 seconds. The motor burned out at 
approximately 175,000 feet. The radiant intensity in the 1.8 to 2.? 
micron region as obtained from the radiometer at Coondambo for the 
launch phase of BKO9 is shown in Figure 32. A comparison of the BKOQ 
results with the BK08 results shows that the two missiles performed 
nearly identically except for the very end of the launch phase. Each 
missile shows an increasing radiation during the last 50 seconds of 
burning time. A maximum radiation of about 5xlo3 watts/steradian in the 
1.8 to 2.7 micron region was observed at about 80,000 feet for both 
missiles. In the past great variations have been recorded in the 
radiant intensity emitted from similar missiles fired at different times. 
In the Black Knight firings observed, the consistency in the two records 
is of utmost importance. A plot of the altitude and slant range from 
Coondambo and Parakylia during the launch phase as a function of range 
time for BK09 is shown in Figure 33. 

4. (s) Shortly after the main stage motor burned out, first 
separation occurred. The Cuckoo motor and re-entry nose cone had been 
placed on the missile as was shown in Figure 8. The separation of the 
second stage is effected by explosive bolts which break the connections 
and then a pyrotechnic impulse ignites, and applies a torque, which 
gives an angular velocity of about twenty (20) radians per second to 
the second stage. This impulse also produces a small separation velocitv 
by a slight off-set of the nozzles. J 

5- (S) The Cuckoo motor ignited at about + 773 seconds which 
placed the nose cone and second stage motor at 380,000 feet. The path 
of the second stage Cuckoo motor was clearly visible to all observers 
on the range as a long persisting trail was formed during the burning 
phase. The Cuckoo motor and nose cone re-entry became luminous to the 
eye at about 215,000 feet. Separation of the two re-entering objects 
did not occur until they reached an altitude of 131,000 feet. Figure 

shows the Baker Nunn picture of the re-entry of BK09. A numbeFõf 
the events are lettered in this picture with explanation given in Table VI. 
In order to differentiate the multiple traces and also to put rough 
timing on the record, the camera was moved through a small azimuthal 
angle on six different occasions during the re-entry phenomena. The 
persistent glow from the Cuckoo motor reported by observers is evident 
in the first part of the record shown at point F. At this point the 
camera was moved to one side and then almost immediately it was 
returned about halfway. At each stop there was sufficient after-glow 
to expose the flame in the new position and give a repeated trace of 
the trajectory. During the longer exposure after the camera had been 
returned to about the halfway point of its original position, the lower 
part and less luminous part of the after trail was recorded. The 
persistent after-clow wan not evident ®+ n v^r r\-P 4* ST ï PnCiCzAl y\ rt - w ^ v wiic £>ueccGuj.ii£ camera 

shifts. It seems thus, that this persistent glçw at an altitude of 
about 35Q300 feet may probably be associated with chemical luminescence 
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TIME (SECONOS) 

FIGURE 32 BK09 Pb.S. RADIANT INTENSITY DURING LAUNCH 
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FIGURE 34 E,j<j;]! p.,otogw.,p;; of re-kntry of HC09
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from atomic oxygen. A close inspection of the three traces at F shows 
a marked drift at an altitude about 320,000 feet. This drift can be 
considered as evidence of horizontal winds at these altitudes. 

TAPIE VI 

DESIGNATION PROBABLE EVENT 

A Separation of Nose Cone and 
Second Stage 

B Nose Cone Break Up 

C Second Stage Disappears 

D First Stage Appears 

E Second Stage Glow Appears 

F Second Stage Ignition 

HEIGHT TIME 
(Ft) (Sec) 

131,000 765 

28,000 772.5 

70,000 771 

149,000 773 

215,000 

380,000 752 

6. (S) The re-entry glow apparently began at point E, where the 
altitude is about 215,000 feet. The Baker Nunn camera shows a definite 
recorded trace below the trace of the after-glows of the Cuckoo motor 
and the start of the re-entry glow. From Dr. Crosby's curves shown 
in Figure l6, the temperature of the Cuckoo motor and nose cone during 
this part of its flight can be estimated to be between 1100 to I3OO de¬ 
grees kelvin. The question arises as to whether this temperature was 
due to the re-entry process or was a residue temperature from the 
burning of the Cuckoo motor. 

7. (S) The trace of the nose cone can easily be identified 
in Figure 34 because of its greater velocity than the other re-entering 
components. This increase in velocity is evident by a greater slope 
of the trace on the Baker-Nunn film when the camera was shifted in 
azimuth. A small piece that can be seen to be separate from the main 
glow of the Cuckoo motor above point A, can not be the nose cone as 
it does not show this greater slope when the camera .was shifted. The 
nose cone was tracked down to a height of 28,000 feet at which time it 
broke up and became invisible. Figures 35 and 36 show prints from the 
film obtained by two KF-3 ballistic cameras located at Coondambo. 
Unfortunately, lettering the points shown in these pictures were added 
to the negative so that they do not read conveniently. Certain stars 
have also been identified using the notation in Norton's Star Atlas. 

¿y vus. u.pps.M sfj.sju,\jjl une re-cuorÿ oj.ajccuj.uxi wiicrcaö 

Figure 36 shows the lower portion. The shutters of the cameras are 
open for a time exposure after re-entry, to obtain the star calibration 
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FIGURE 35 KF3 BALLISTIC CAMERA PHOTOGRAPH OF RE-ENTRY OF BK09 
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FIGURE 36 KF3 BALLISTIC CAMERA PHOTOGRAPH OF RE-ENTRY OF BK09 

55 



SECRET 

indicated. A light chopper interrupted the traces at periodic intervals 
in Figure 36f whereas the camera used for the other Figure did not have 
a chopper. The gaps in the record were made by operating the camero 
shutter in order to impress known times on the traces. The main stage 
of BKO9 re-entered much later than the Cuckoo motor and nose cone, It 
was also not in line with the other re-entering bodies which can be 
easily distinguished on Figures 3^, 3$, end 36. 

8; (s) Figures 37 and 38 show tracings of the re-entry phenomena 
as obtained from the ballistic camera prints at Coondambo and Parakylia, 
These tracings show various portions of the re-entry phenomena ns a 
function of azimuth elevation and altitude from each of the sights. 
The sequence as shown in the preceeding figures indicate that the glows 
occurred at the following altitudes: 

1st Stage 150,000 to 90,000 feet 

320,000 to 80,000 feet 

150,000 to 30,000 feet. 

2nd Stage 

Nose Cone 

From the ballistic camera records that were made at Voomera, the 
re-entries were compared to traces of stars with the following results: 

a. First stage approximately - 1st magnitude 

b. Second stage approximately / 3rd magnitude 

c. Nose cone approximately / 1st to / 4th magnitude. 

9* (°) Figure 39 shows a graph of the altitude and the slant 
range of the missile from Coondambo and Parakylia. The use of this 
data enables Barnes Engineering Company to reduce the irradiance 
data received by the radiometers and photometers to radiant intensity 
ata as a function of altitude. Unfortunately, no measurements were 

made on the Woomera range of the relative humidity as a function of al- 
titude. Thus, no correction has been made for the continuation due to 
atmospheric absorption. 

10. (S) Data was obtained on each of the individual parts of 
missile BK09 during re-entry. Figure 4o shows the radiant intensity 
n watts per steradian in the 1.8 to 2.7 micron recion AS A s\-P 

uau oeen laoncated very similar to that of the British BKO9. 
■ :i » « ■ V 
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FIGURE 37 TRACINGS OF RE-ENTRY PHENOMENA AS OBSERVED FROM COONDAMBO 
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PARAKYLIA 

FIGURE 3d TR/CIUGo OF RE-EUTRY PHENOMEKA A3 OBSERVED FROM PARAKYLIA 
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FIGURE 39 AIÆTTUDE AND SLANT RANGE OF BKO9 DURING RE-ENTRY 
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120 100 80 60 40 20 
ALTITUDE (FEET XIO3) 

FIGUBE 40 BK09 Fb.S. RADIANT INTENSITY OF RE-K'JTRY NOSE CONE 
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FIGURE 41 
BK09 Pb.S. RADIANT INTENSITY OF CUCKOO MOTOR & HOSE COME 
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la.. (S) The rudicnt intensity shown on F[¿^ire 4l was that of 
the Cuckoo motor ana the nose cone combinée. This corresponds to 
radiation received by the radiometer from point E in Figure 34 down 
ao a poxnt just opposite ahe brightest glow of the main body but only 
of the Cuckoo motor one nose cone. The part of the radiation that 
saturated the instrumentation came at on altitude when the Cuckoo 
motor and nose cone were just above the point A in Figure 34. 

12. (S) The re-entry of the main section of the missile was 
í!nA*UÍreG tn^.ríiCiiornfter at Coondambo until it was down to about 

lx,000 Ir, insure 34 this is considerably below point D which 

?íornm™ "T™ firSt ac^uired the re-entry of the main 
bcuy of dK09 U1*?,000 feet). This altitude of 132,000 feet corresponds 
approximately to a point on the trace of the main stage just opposite 
pc-nt M m Figure j4. The graph of radiant intensity versus altitude 
*or the nuun stage of BKO9 is shovm in Figure 42. 

lj. (G) The 4-barrel photometer located at Parakylia obtained 
some excellent data from the re-entry of BKO9. The data acquired from 
tne photometric recording has been reduced to radiant intensity and is 
shwr‘ in Figures 4j througn 46. Figure 4j shows the radiant intensity 
versus range time as indicated by tne b2G3 a photometer. The first 
reading was recorded at a range time of 761.8 seconds which corresponds 
to aoout lo0,00o feet. Tne photometer centered at 5850Á acquired 
the missile earlier than the photometer et 4203 A as is shown in 
Figure 4. ^ The iirst acquisition of this photometer corresponds to an 
altitude ol about 210,000 feet which closely corresponds to the first 
acquisition of the lead sulfide radiometer stationed at Coondambo. 
The nose cone was first acquired by the photometers by itself when it 
was at an altitude of approximately 110,000 feet. This acquisition 
occurred only on the photometer centered at 5850 and 6825 . The 
photometer at 4203 only recorded energy in tais spectral region at 
709.0 seconds which corresponds to an altitude of 59,000 feet. Peaks 
in energy are seen on the 5830 end 6825 Á photometer at this same 
time. The radiation at Coondambo recorded the energy received in the 
1.8 to 2.7 micron region just a slightly higher altitude of 62,000 feet. 
It is worth noting that the blue photo tube recorded a radiant intensity 
0 only 1.5 X 10 power watts/steradian/angstrom while the photometer 
centered at 5850 A recorded a radiant intensity of 2.5 x 10"1 and the 
photometer centered at 6825 A recorded a radiant intensity of 6.0 x 
10 watts/steradian/angstrom. The only record from the photometer 
centered at 7915 A appeared when the main body of the missile saturated 
the other 3 channels. This time corresponds to the point of maximum 
intensity of the body shown in Figure 46 and amounted to 3.3 x 10^ 
watts/steradian/angstrom. 

14. (u) Surface meteorological conditions were observed lust 
ïi10ï t0,the firine of BK°9, A Profile of the virtual temperature to 
the height of an altitude of 120,000 feet was also obtained at this 

£uüeá-+ThVyratUre at the was ^9,7 de6rees F, with a relative 
humidity of 76 percent and a surface pressure of IOO7.8 mbs. 
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ALTITUDE (FEET X 103) 

FIGURE k2 BKO9 Pb.S. RADIANT INTENSITY OF RE-ENTRY MAIN STAGE 
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FIGURE 44 BK09 RADIANT INTENSITY DURING RE-ENTRY (585O A) 
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FIGURE 45 BK09 RADIANT INTENSITY DURING RE-ENTRY (6825 A) 
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FIGURE k6 BKO9 RADIANT INTENSITY DURING RE-ENTRY (7915 A) 
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FIGURE 47 VIRTUAL AIR TEMPERATURE PROFILE PRIOR TO FIRING BK09 
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Fine isolated grovths were present as about 5,000 feet. The visibility 
was approximately 35 miles on the horizontal and very good vertical 
Surface winds below 100 feet were South by South-Southeast at 5 feet 
per second with very small gusts. Figure shows a profile of the 
virtual temperature up to 120,000 feet. The tropopause was located at 
approximately 50,000 feet with a minimum temperature of -65 degrees. 

15’ (0) One of the big advantages of the V/oomera Range is the 
ability to retrieve any particles that survive the re-entry from the 
desert floor. Figure K'ò presents a plot of the location of numerous 
constituencies of Black Knight Missile, BK09 that were collected. The 
X and Y directions and dimensions are measured from the X, Y, Zero 
coordinate point as indicated in Figure 3. One of the important facts 
evident from Figure ho is the number of relatively large pieces and 
components of the missile that survive the re-entry process. The wide 
dispersion of the objects perpendicular to the firing direction may 
indicate very high velocity upper atmosphere in periodic winds. This 
dispersion of objects indicates that there is considerable need to 
know more about these high altitude winds in the case of any re-entrv 
measuring experiment. J 

vin BK07. 

■’m Black Knight Missile, BKO7 was fired at Woomera, Australia 
on the 25th of July 1¿0. The missile was of a single stage construction, 
as was shown in Figure 4. The re-entry nose cone was a low temperature 
steel heat-sink type. 

2. (S) The launch phase of BK07 did not perform according to 
the pre-described plans. The total thrust of the missile was less than 
had been expected, which resulted in a lower re-entry velocity than 
had been anticipated. The lower re-entry velocity, combined with the 
heat sink type nose cone produced a rather unspectacular re-entry 
phenomena. The main stage of the missile was first observed at an 
altitude of about 115,000 feet and continued to glow to an altitude of 
approximately 00,000 feet. No data was obtained on the nose cone 
alone. 

3- (C) One of the reasons for the lack of data was that one of 
the shutter solenoids on the spectroballistic cameras at Parakylia, burned 
out and blew the main fuze at 70 seconds before re-entry. As a result 
there were no records from any of the equipment at Parakylia. The 
Coondambo radiometer obtained some results. A Hulcher camera and a 

camera with gratings at Mt. Eba did obtain data. Figure 49 shows 
a qualitative reduction of the spectra information obtained by the 
Hulcher camera at Mt. Eba. This data is being further reduced at the 
present time. 
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FIGURE 1*9 AVAILABLE SPECTRA DATA ON BK07 
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IX. RECOMMENDATION FOR FU TURF] OPERATIONS 

1. (C) Measurements of 3K0Ö, BKO9 and BKO7 have shown that there 
is a requirement for additional and more sophisticated equipment on the 

Woomera Range. The Australians feel that it would be highly advisable 

to eouip both Coondambo and Parakylia with complete sets of identical 

instruments and to increase the coverage of the spectroballistic 

cameras. The main advantage to be gained by such a duplication of 

instrumentation is the protection against the loss of results due to: 

a. IMissile re-entry at some point in the launch re-entry 
area not covered by both sites. 

b. Operator s difficulty in acquisition and tracking during 
the short period of re-entry glow. 

c. Overlapping trajectories and spectra of various re-entering 
components. 6 

d. Cloud cover at either site. 

e. Powerj timing and intercommunication failures. 

2. (c) Certain essential equipment modifications are needed 

for Operation Gaslight equipment in order to continue the program at 
the present level. These axe as follows: 

a. The lead sulfide radiometer package at Parakylia is not 

performing correctly and appears to give erroneous measurements. This 
will require a new detector package. 

b. Considerable data has been lost on the radiometers and 

on the photometers because of the scaling factors on the recorders. 

Tnis will require multiple channel recorders with extended dynamic 
range. 

c. Four (4) replica transmission gratings have been taken 

from the spectroballistic cameras to be used on other Weapons Research 

Establishment equipment. This equipment is also obtaining data for the 

Operation Gaslight, thus, there is a need to replace the four replica 
transmission gratings. 

d. A black body calibration source is badly needed so that 
the radiometers can be calibrated on the range. 

e. An azimuth and elevation recording mechanism is required 

on the Mark.51 Director. This would permit the computation of reasonably 
accurate quick-look trajectories of tracked objects. 

y 
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=s ~-ïÂr 
a. The need for a master slave serve tracking sv<í+#»m -Pr», 

greater accuracy and instrumentation load. V 

more sensitive oLISf1’18 eXiStin8 srertral =^as with 

of the electromagnetic s^eZf ^ ^ 

more sensitive^ins^ts“?6 ^ 35" «“^«^ers with 

e* neec* f°r additional radiometric 
the longer wavelengths of the spectrum. measurements in 

(1) A 

(2) A 
could give 3x6 mils 

search-track gold-doped Germanium instrument. 

32-element gold-doped Germanium scanner that 
spacial resolution. 

system 
flight 

so fis.T Td f0r “ “i45-1'161-1 Mehly sensitiv, 
so that tracking can he accomplished much earlie: 
history. 

image-orthicon 
in the missile 
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