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This report contains radar cross-section measurements conducted on Echo I

(60 Iota 1), a passive communications satellite, from the first revolution on

12 August 1960 to revolution 5159 oA 6 October 1961. Tracks on the early re-

volutions, up to about 92, generally displayed a fairly constant amplitude, in-

dicating little deformation of the spherical shape of the balloon. The smoothest

observations noted had approximately + 0.5 db (peak-to-peak) fading variations

over the duration of track. Later recordings show amplitude patterns with vari-

ous mounts and rates of fading. Fast scintillations, with a period of the order

of 0.5 - 1 second, can be seen during certain runs as well as slow long-trm

fading during others.

Begin with about revolution 1944 (18 January 1961), a gradual deterio-

ration in the shape of the balloon wan indicated by frequent deep fades and a

aneraly rough amplitude pattern. Fades of + 4 db can be sn throughout most

of these rum, with the most severe fades (>20 db in depth) occurring during re-

volution 5159, the last covered in this report.

The average cross sections measured were comparable to the theoretical value

of about T50 square moters, with the average becoming somewhat less during the

later revolutions when fluctuations were more pronounced.

Amplitude records for fourteen of the observed passes are included. A sm-

azy is also included for a voice commnications experiment conducted between

Millstone and the Prince Albert Radar Laboratory during revolution 12.
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Radar Cross-Section Observations

Of Mhe Bcho I Commications Satellite

at i&1o mc/s

D. P. Hynek

Lincoln Laboratory) Mssachusetts Institute of Teahnolop

T15OV 3CTON

Since the launch of the Echo I comonications satellite much interest ban

been expressed In the degree to which the 100-foot dimter balloon maintained

its spherical. shape. Several questions have been raised as to the possible

distortion of its shape In a space environnt. Of chief concern is the puno -

turing of the thin skin byr micrameteorites and the effect of thermal shock

upon entering the earth's shadow. Some insight into the simt of distortion

can be obtained by observing the fading characteristics of reflected radar sig-

nals. This report presents emlitude data recorded on a nvuber of revolutions

during Its first fourteen imths In orbit.

Pertinent parmeters of the Millstone Kill Radar during these observationas

vae as ohmn la Table I.

Frequency: 14W4 Men
Ante=&a: 81 -ft paraboloid., 35-db tracking @Ma
Peak transmitted povmr: 1.25 to 2.5 usguratte
Pulse repetition frequency: 28 or 3D pp.
Pulse length: 2 milliseconds
franmwitted polarization: rigbt circular
Received polarization: left circular
Oomical, scan rate: T. 5 rev/sec, (apo.
Receiver noise figure: 2 db (spyro.)
System losses: 2 0b (approx. )
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TANB. II

Average
Cross Tb Fading

Rev. Minutes Section
o. Date of Data (sq.mters) (pk-pk)

01 12 Aug 60 15 856 + 1

09 12 " 19 1050 + 1.5 irregular short and
long term

11 13 " 19 845 +0.5 slight
45 15 " 19 080 +0.5 slight
81 18 " 16 895 + 1 longer term

19 " 16 890 + 1.0 slow long tern

140 23 " 11 - + 2 irregular longer term

156 24 " 20 - + 1.5 short term, approx.
one second

166 25 " 19 - _ 1.5 short term, 0.5-2 sec.

167 25 " 19 - +_3 0.5-1 sec. lobing

179 26" 6 - +3 irregular long term

213 29 " 19 - +1.5 slow long term

226 30 " 17 - +1.5 slow long term

237 31 " lI - +3 slow long ter

2119 1 Sept 60 2D + +2 Slav long tem
431 16 " 19 1000 + 2.5 slow long term

495 21 " 16 945 + 2 short nd long term

636 3 Oct 60 19 125 + 3 slow long term
941 28 " 19 890 + 2 short teru 1-2 sec.

and long te

942 28 " 16 950 + 2 fast Irregular and
slow long tem

1448 8 Dee 60 19 - +1.5 slow

1788 5 Jan 61 8 910 +1.5 slow

1861 11 " 9 - +1.5 slow

1862 1 " 15 920 +1.5 slow
194. 18 it 19 80o + 3 irre.uar

(Cot 'a)
* The theoretical radar cross section is approximately 750 square meters.



TABLE II kuont'd)

AversaeCross Fading

Rev. Minutes Sectios db.
NO. Date of Data (sq.maters) jj-k

2D42 26 jan 61 19 - +_ irresular

2114 31 " 17 t .3 irregular

2115 31" 12 - +_ irregular

314T 25 Apr 61 10 625 +3 irregular

3W4 16 mq U 3 - +3 irregular
3941 29 Jun 61 19 620 5 gur

4268 25 J 61 11 7OO +3 Irregular
(with fades 8-10 db in depth)

5118 5 oct 61 1T - + . irrqu'ar
(vith fades >10 db in depth)

5159 6 " 16 7o0 + 4 irregular, deep fades

(vith fades >2D In d.pth)

The theoretical radar cross section is apprwxmate 70 square metes.



Of more Interest perhaps than the average cross-section measurements are

the fadin characteristics which are indicative of the balloon deformation.

Early revolutions recorded, up to nuber 92, displayed smooth amplitude pat-

term with signal variations of the order of + 1 db. Right-circular polariza-

tion was transmitted and left-circular recorded. A spot check from time to

time, during these early passes, of the relative signal strength of the two

orthogonal received polarizations indicated a ratio of about 20 db. The small

magnitude of the depolarized coqionent Indicated that the balloon had fully

inflated and maintained its sphericity to a high degree during this time (and,

incidentally, also se:ved as a check on the circularity of the transmitted sig-

nal). Figures 1 through 4 (revolutions 01, 09, U and 45) are reprsentative

nplitude recordings of this early group of passes.

During revolution 01 rapid scintillations, at a rate of 3 or 4 per second,

can be seen at 06h 5Ta l0s and may arise from interference vith the final

stage of the launching rocket which probably was still vithin the radar bern

at this time. This effect can be seen to a certain extent at other times ur-

ing the run. Occasionally a regular variation is seen every four pulses. 7his

variation Is dim to the conical-scan modulation of the radar and is most ap-

parent at time of aeimsitiom.

Revolution 09 displaed the moet faing (± 1.5 db) of the early passes

saM also qears to contain reflected ra Interfme, with signal enhesmat

md eoneellatim, new the horson. Mis Is noticeable nar the begining aM

ad of track. It in also evident to a degree during other rns.

Revolution 11 contains the smothest mlitude record made. It vas

tracked for about 19 inutes with fedi of only + 0.5 db.

Folloving revolution 92, awe fading was observed (± 1.5 -+3 db), with

the ratio of the two orthogomal received signals at times approaching 6 db.

-5-



Fading was generally slow, occurring at irregular intervals, until revolution

156 vhen a periodicity of 0.5 - 1 second becme apparent. It is interesting

to note that revolution 156 occurred soon after the satellite first entered

the earth's shadow. Mis rapid scintillation was last observed during revolu-

tion 16T (ig. 5) when shorp -ull ('-5 db) W recorded. TMe short-term

fading was not seen during nine passes tracked between revolutions 179 (Fig. 6)

a 636 (Fig. T). Instead, l term, irregular variations of + 1.5 - t 3 db

were observed.

During the two revolutions 941 and 942, a faster fading rate, of the order

of one second, was again observed and was mot pronounced during the first half

of the observation of revolution 912 (Fig. 8). Tis short-term fading Vas not

observed during the last half of this track but instead gove wa to a slow

rolling amplitude pattern. Mhi change in fading characteristic, over the dura-

tion of a single track, suggests a relatively suther surface for a portion of

the balloon. A very prowm ed gound effect can be seen asan at the and of

this track.

Amplitude data vere not available between revolutions 942 and 1M..8.

Four tracks conducted between revolutions 11.38 and 1862 indicate a miother

target with a Ionge fading Interval and somuhat shallor depth (± 1.5 db).

No short-ter scintillations were observed durlng this tim. Figure 9 (revolu-

tim 186) is typical of these runs.

On ten tracks taken between revolutions 191 and 5159, a gadual deterio-

ration of the balloon was indicated by occasional very deep fades and a gmr-

ally roug pq.lituf pattern. (Revolution 19.J., 314.T, 391.1, 268 and 5159

appear In Figs. 10 througb 1,.) Fades of the order of 10 db can be seen

throughout vost of the runs, with the most severe fadin recorded during revo-

lution 5159, the last covered in this report. During this revolution two deep

-6



fades (>20 db) vere observed having similar characteristics and occurring

6 min .0 see apart. The track was not long enough to determine whether the

effect vas repeated. The cross section at the depth of the fades was of the

order of 10 square maters.

IMiese observatin are summmrised in the GW.V~ t p'ouinp shown in

Table III.

In the Appendix is a suaary of a UHF commications ezqertment conducted

during revolution 12 between Millstone and the Prince Albert Radar Laboratory.

COWAe print-outs of position and dler observations are not Included

in this report.

The series of radar observations conducted on Echo I suggest that the

balloon vw full inflated soon after launch and maintained its spherical shape

to a reasonable degee until approximately the time it first entered the earth's

shadow. he rapid and regular fading observed soon afterward w have resulted

fromt Interference bet reflections from the individual gores making up the

structure. This effect might have been accentuated by shrink of the balloon

following los in Internal pressure, gving it a pumkin-like apearance.

The irregular and aore pronounced fading after this tine suggests a further

deterioration of the general shape of the balloon with, however, either a dodest

recovery to iapericity or a relatively smooth surface for only a portion of the

balloon, in observations following this. *Th change in fading pattern, fromi

rapid short-term fluctuations to smoother long-term fading, during the track of

revolution 92 would suggest a slow rotation to a moother portion of the bal-

loon.

7.



Obsered Fading Characteristics Coments

01, 09, 11, 15, &11oth, slow fadl"g; ± 0.5 to Ratio of 2 received or-
81, 92 + 1.0 db fluctuation; rwwolu- thosomal polarizations

Tian 09 poorest: + 1.5 0b. approx. 20 db.

11,0P 154, 155 + 2 db Irregular fading; gi - Ratio of received. sig-
!12y long~ term. as approach 6 db at

tims.

156, 166, 167 Rapid., revaw fading; 0.5 to 1
see. period; dips to 5 db.

179, 213, 225, 226 + 1.5 to+ 3d Irreglar feadig;
23T, 249, ,31p 495 mmswaulf'aov 5-30 see.
636

941., 91.2 ot (1-sec) ad l term ir-
reoplar fading + 1 to + 2 ab.

.1.8, 1788, 1861 Smoth, ..slv fading + 1.5 db.
1862

194 2 t,021A 3 to + 5 db irrewilar fe' DO ad iAcatea s-
2115,- 31., 31.1 rea3r occasional deep fades: vue distortion of bal-
391.1, 11a68 51PM loom shape.

5159-



Sine the gametry enpored, during the course of an rm is limited end,

in the face of ean umu m rotation rate and orientation, it is difficult to say

whethr the changs noted in the fadin pattern from run to run ae character-

Istic of the condition of the balloon or of the geometry.

Begnming with the observation of revolution 191.4, a steady degadation

of the balloon is mvident vith, perhaps, mitiple punctures taking their toll.

Mw lest revolution included in this repor (nmber 5159, 6 October 1961) points

to a grossly distorted structure.
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Revolution 01

12 August 1960
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EMH I A1.WLITI1JD

Revolution 09

12 August 1960
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EC3D I AMPLI1UD

evolution 11

13 Auut 1960
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c I ANPLITIJDE

Revolution 145

15 August 1960
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EMH I AMPLITU.DE

Revolution 167

25 August 1960
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ECHO I AMPLITDE

Revoution 179

26 August 1960
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ECHO I AMPLITU3DE

Revolutoun 636

3 October 1960
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ECHO I AM4PLITUDE

Revolution 9J42

28 October 1960
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ECHD I AMPLI I JE

Revolution 1862

3-1 Januwy 1961
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ECH I ANPLITMXy

Rey'lutioni 19.i

18 januawy 1961
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ECHO I AMPUBMJD

Revolution 3.147

25 April 1961
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BMH I AMPLIUDE

Revolutioni 3911

29 June 1961
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ECHO I Abflf JD

Revolution 4268

25 JU]1y 1961
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ECHO I A14PLITUDE

Revolution 5159

6 October 1961
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APPENDIX

Millstone-PARL UHF Communications Experiment*

During revolution 12 (13 August 1960) of the Echo I satellite, a communi-

cations experiment was carried out at 440 Mcs between the Millstone Hill Radar

and the Prince Albert Radar Laboratory (PARL), Saskatchewan, Canada.

A pre-taped voice message was transmitted from Millstone via the satellite

to PARL for a duration of some ten minutes using narrow-band FM. During the

first portion of the pass, the Millstone dish was manually trained using pre-

dicted position data from Space Track as corrected by Millstone tracking dara

gathered on revolution 11. The last portion of the track was effected with an

optical antenna director controlling the dish. PARL first acquired the target

with its radar at 448 Mcs, and then automatically tracked on the Millstone

communication signal.

During revolution 11, and earlier tracks, it was ascertained that the bal-

loon had maintained its spherical shape to a very high degree and would be a

good passive reflector for the experiment.

The quality of the received signal at PARL was good and possessed the ex-

pected signal-to-noise ratio (approximately 16 db under ideal conditions). The

chronological sequence of events and signal strengths logged for this experiment

are as shown on the following page.

Data provided by D. R. Hansen, PARL.



Signal Strength
Time

Universal Received Calculated
13 Aug 60 Event (PARL) at PAL Ideal

09:04:29 Target first detected by radar.

09:11:59 Millstone tone detected. Radar
tracking continues (target range
from PARL - 1100 n.m.).

09:12:29 Track on Millstone signal.
Varies -127 to -123 dbm.
-124 db.

09: 13: 19 Voice transmission begins and
is recorded. Apparent signal
increase of 4 db when voice
transmission begins.

Varies -130 to -318.5 to
-120 dbm. -121 dbm.

09:18:26 Conical scan stopped. An attempt
to track signal manually is un-
successful.

09:19:45 Conical scan tracking resued.

09:20:05 (Millstone begins tracking with
optical director.)

Varies -124 dbm -118.5 dbm,.
to in excess of
-118 dla.

09:22:36

09:24:20
Varies -127 to -119.5 to
-124 dn. -122 dm.

09:26:24

09:28:10 Lose signal.



PARMTnS - PARL

Coordinates 53 0 13' N, 1060 W
Ground range from Millstone Radar 1512 nautical miles

Atna* gan35 db (while tracking)

Antenna beamvidth 2.1 degrees
Type tracker conical scan (7.5 cps rate)
Receiver noise figure 5 db (approximately)
Receiver bandwidth 3 kes
Receiver polarization left circular

PARAMITIR -MILLSTONE

Coordinates 4&0 37' N, 710 29' W
Transmitted power 35 kv
Transmitted siga CW PM 1 kc deviation
Transmitted polarization right circular (out dish)
Antenna, gain 37 db
Antenna beinridth 2.1 degrees
Frequency 4i4o mcs

*Millstone-type antenna.


