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5. Reoonciling Time and Distance Data

Knowledge of the positions and altit udes of the B-52 at the times when the radarscope
phaos were taken isimportant, bah for interpreting the display indicaions and for the
overall coherenceof aremnstruction d events. The dock, the frame @urter, and atime-
flagged transcript of RAPCON radio communications, together hald ou the promise of
predsely crosscorrelated eventsin this case. There ae some unexpeded problems with
this, however, and it becomesimportant to be &le to ched the mnsistency of our
reconstruction against internal evidenceremvered from the radarscope phaos.

Firstly let us consider the solitary sedor scan which we have tentatively identified as
frame 784 and where the radar system status is encoded in an array or "plaque” of 6 data
lamps as srown in Fig.5, ®dion 5 It ispossbleto verify that the pattern of lamps on
frame 784fits only one @nfiguration d this array, identifying the foll owing mode of the
radar:

Range scale: 20 MM
Hand Control (DeadmanSwitch): O~
Memaory Faint: QOFF
Scan direction: COWY

The function d the Deadman Switch is uncertain. The scan dredionindicates that the
camerawastriggered at the end d the courter-clockwise tracerotation. The Memory
Point is not discussed in avail able documents, but presumably thisis the PDI or Position
DiredionIndicaionthat McCaslin recdled using to fix the UFO "landing" point so that
the navigation computer could automaticdly bring them bad to overfly it after their first
go-aroundat Minat (although in fad the go-aroundcould na have taken the B-52 within
several miles of thislocation). The Memory Point is"off" here & adefault, bu is

engaged by the navigator depressng a single switch.

The 20 NM range scd e makes the radius to the alge of the first groundreturn more than
5 NM. But given the known altitude of the descending B-52 as at frame 783 (seeSedion
5ii below) thisis hard to understand in terms of any listed mode of the radar. It isalso



disquieting that the radius of the hde & e onthe tube gppeasamost identicd to the
dtitude hae radius on frame 783,an urcomfortable aincidencegiven a dhanged range
scde.

It has been suggested that the navigator switched the radar into Independent Bomb
Damage Asssanent (IBDA) mode to scan aft of the B-52 when the target vanished. This
makes pradicd sense, and switching to IBDA mode would enforcethe dhange from 5
NM to alonger range scde (for the obvious reason that bombing altitude is over 20,000
ft) ; but this automated mode enforces an dff- centre sedor scan ahead of the arcraft when
first entered, which then changesto afull PR scan at 20 NM, and not a sedor scan, after
bomb drop. Terrain Cleaance mode dso enforces asedor scan aheal of the arcraft, for
obwvious reasons. (The hypothesis that frame 784 shoud be inverted, showing aforward
sedor scan 24 degrees either side of an a/lc heading of abou 308 degrees, was rejeded
because the canera datalamps then become unintelli gible.)

In arecat interview, Richard Clark, the Bomb Wing intelli gence phaoanalyst who
originally had the set of prints madein 1968 recdl ed that this dor scan phdo probably
precaled frame 771.Thisimplies the posshility that it shows a GroundMap mode
entered nea the start of the incident when the plane was at higher atitude (nea 20,000ft
MSL). In thismode the display is altit ude-compensated so that the >5 NM radius to the
edge of thefirst groundedhois nat slant range, bu true groundrange from the nadir to
the hed of the beam. But acrding to CDC 3215, Vol.4 thisradiusisautomaticdly
kept at 3NM in this mode, na >5 NM, and the wincidence of the simil arity between the
measurements of the ad¢ual 783 and 784PH images remains uncomfortable.

Inthe endit isimpassble to definitely identify the radar mode in this ssdor scan frame or
to be cetain when it was taken so it is of littl e help to us. Fortunately, for the remaining
13 frames the radar mode nat isin doul, all owing usto extrad useful information. This
may help to remove or reduce anbiguitiesin the recnstruction d events that documents
and witness satements are unable to remove.

As mentioned ealier it appeas that we have only around ore tenth of the radarscope
phaos originally taken. Richard Clark, the 5th Bomb Wing Intelli gence Officer who
examined the original negative film in 1968and personall y ordered the prints made,
recdl ed that there were probably "over ahunded" frames in addition to the 14 (including
the anomalous frame #784) that he ordered printed up. Thistotal could be consistent with
the canera having been switched onclose to the beginning of the incident (39 NM out
acording to the official file) and left running through to the end d the incident abou 14
NM from Minat runway, which would have generated in theregion d 120framesin
total.

Acoording to Clark's recll edion, the 13 conseautive frames 771-783 came from the
beginning of the negative strip, and the sequence 771-773records the initia high-speed
approach (as it was construed) of an unknavn target and its motion from the right to the
left of the scope where it began to keep station onthe B-52. In general, the pasiti ons of
the edoes onthe phaos appea to be somewhat similar to the way this behaviour is
charaderised in the ealiest official report. But at the same time there is contemporaneous



documentary evidence suggesting that the phaos were taken nea the end d the incident,
and also the match between the @ove scenario and the phaographed target kinematicsis
not withou anomalies, in particular, consistent evidencethat the initial right-to-left transit
by the edo accurred duing awide radius turn nea the TACAN approach beaon. The
phaographed heading marker shows no evidence of aturn. So questions remain. Thefirst
question to addressis whether the scope phaos reved any interna evidence of the map
locaion d the arcraft.

Attempts to investigate this isuue have been made by the twin routes of i) matching
groundedho feaures against topographicd maps of the aea andii) determining the
aircraft atitude from the phaos for comparison with knovn elements of the goproach
path. The results of i) are inconclusive (excepting some recent work by Claude Poher
discussed below), and the results of ii) invite red dould that the extant phaos can have
been taken at or nea the beginning of the UFO episode.

i) Ground features

Attempts to correlate some goparent groundedo feaures with locd topagraphy were
begun by Jim Klotz. Thiswork will not be discussed here. The present sedionislimited
to describing afew apparent groundedo feaures which shoud probably be excluded
from the mapping attempt. Investigation suggests they are blemishes of some kind.

Feature #1: Thisfedureisvisible onall scans as adark mark against the spedkles of
noise or groundclutter just inside the 1.75mile range ring at ~92 degrees azimuth. Early
impressons were that thiswas alake. Bodies of cam water tend to speaularly reflea
radar energy away from the antenna, unlike rougher groundtextures which scater energy
badk to the antenna, and doappea as "negative' returns against bright groundedo.
However closeinspedion reveds anomalies:

Firstly, measurement of the indicated beaings owsthat the feaure does not fall aft of
the B-52 heading aswould be expeded, indeeal it advances adegreeor two in the
diredion d flight; secondy onframe 777 the same dark mark can be seen partially
occulting a bright blip (apossble unidentified edho, bu appeaing only for one scan)
with afairly hard edge, in such away asto suggest an olstruction either onthe glassor
nea the canerafilm plane; and thirdly, and most importantly, asimilar mark appeason
frame 771in the same pasition, even though thisis in the half of the radarscope that has
yet to be written on,the first complete sweep rotation having not readed that part of the
tube (seeFig.6 below).
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Features #2 & #3: These ae two small dark feguresin the bright groundedo kehindthe
plane, at first glance resembli ng negative returns from small | akes or ponds, of which
there ae many in the aea(seeFig.7 below). However to chedk this resemblance dl the
displayed ranges to the most distinct of the pair (Feaure #3, @ ~312 degrees) were re-
measured as closely as was pradicd. The results are tabulated below.

FRAME # mim fram althole | mm from centre spot
7 hia i
772 a7 170
73 g0 169
T4 B1 168
775 62 167
776 63 167
77 65 16657
e 66 166
779 66 165
780 ga 164
7e1 Ta 165
Ta2 T213 165
783 75 1645

Table 1. Radial distancesin mmfrom the inner edge of Feaure #3 to the
outer edge of the cantre spat and to the edge of the dtitude hole.



(An effort was made to estimate the nearest mm; however the eldges are blurred, so there
IS ome uncertainty. Measurements were made with a sted rule onthe computer screen,
with eadr image in the same pasition onthe screen to eliminate possble distortion)

Evidently the distancefrom the "lake" to the edge of the dtitude hole increases over time
(the hdle shrinks inward from ~2.1 miles radius to ~1.8 miles, presumably because the
plane is descending whil st the verticd coverage angle stays fixed) as one might exped.
But the distance from the centre spat fairly systematicdly deaeases even though the
aircraft heading (132 degrees) isamost predasely oppaite the beaing to the "lake" (~
311-312 ckgress, this hardly changes detedably). In ather words the slant range to the
"lake" aft of the arcraft adually deaeases by abou 428ft in 33semnds, or it exhibits a
closure rate of 778ft/min = roughly 8 knds.
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Fig.7 Detall of Feaures #2 and #3from frame 772

Obviously the dant distanceto a stationary lake shoud change li ke the vedor sum of the
plane's forward motion and its rate of descent. The wntribution o the descent will i ndeed
be negative, bu very small compared with the positive forward velocity (~250 mph), for
any angle of descent small er than about 45 degrees or so, even at the highest possble
altitude of the B-52 (20,000MSL), and reduces rapidly at lower altitudes. The red
situation - deduced from the phatos, the eguipment charaderistics and the probable
approad path (seebelow) - appeasto bethat the acraft's angle of descent and altitude
are aound ¥10and 12 respedively of the ebove values, so we conclude that ground
fedures could nd reducein dsplayed range & do Feaures #2 and #3.

If the measured displacament of the objedsis not consistent with groundfeaures, the
guestion remains as to why they do change gparent position at all. This remains
unexplained. The unlikely hypaothesis that they are flying objeds with efficient stedth
charaderistics (see &so Sedion 6.bbelow), appeaing as "hales" in the bright ground
edho, was considered bu rgjeded after close examination d frame 771.Aswas foundin
the cae of Feaure#1,asmall dark mark can be faintly discerned in the position o
Feaure#3at ~312 cegrees, again in the part of screen onwhich the rotating tracehas not
yet written. This appeasto prove that Feaure #3is an artefad of asimilar kind. (The



same test isinconclusive in resped of the fainter Feaure #2.)

Feature #4: Ancther classof markings will be olledively named Feaure#4.Asin ather
cases, the same or avery similar feaureisfound onanumber of frames, particularly 771,
776, 779, 781, 78and 783,arelatively bright line generally running verticaly from
abou 90 degreesto abou 328 degrees with very small variation. It has been suggested
that thisindicaes a highway. However close examination shows that afaint continuation
of thisfedure can be tracal extending beyondthe tube facein some instances, crossng
the beaing ring and orto the instrument fascia & shown in Fig.8 below. On certain
frames parts of the feaure resolve under magnification into what appeasto be a omplex
of tiny abrasions. The gproximate pasition onthe negative gpeasto bethe samein
most cases, and the orientation aligns parall €l to the eldge of the negative strip.
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Fig.8 Detail of Feature #4,
frame 771

One inferencewould be that the original film roll was ratched at some stage, possbly in
the canerafeed mechanism or when when being spoded through the viewer at Minat.
But the pasitive print image of such a scratch ought to be dark, of course, na bright,
unlessthe prints were made from an intermediate contad film paositive which was itself
damaged in thisway, in which case the prints would be negative images. They are nat. If
there was no interpasiti ve film stage in the production d the prints then we ae left with
scratches onthe enlarger slide or the glassof the print frame, which bah seen very
unlikely sincethe marks would then have the same gpeaancein roughly the same
pasition onall phaos, andthey dorn©t. So how these goparent abrasions got there remains
asmall mystery.

In summary, severa promising groundfeaures are removed from consideration by this
analysis, leaving one cnvincingly lake- or river-like serpentine feaure onframe 783as
amost the sole paint of referencefor atopagraphicd match. The likelihoodthat this will
prove sufficient to fix the arcraft locaion appeas snall, bu in combination with a
secondapproad it might still be valuable. We turn to this next in Sedion 5ii.

ADDENDUM: A recent computer analysis by Claude Poher has indicated a pixel-level correlation
between a part of this frame 783 feature and a part of the W shoreline of Lake Darling. If this is



reliable then it places the B-52 about 5 nautical miles or more back from any position indicated in
the contemporaneous documents (including the Base Dispatcher's concurrent log of events,
Col.Werlich's chart of the flight track, TACAN coordinates entered in the AFR 80-17 report, and
the copilot's report of position in the RAPCON transcript). There is no clear explanation of this
discrepancy. Nevertheless, the figures given in the case documents are themselves not entirely
coherent and attempts to find a different topographical match for frame 783 have not so far met
with success. Lake Darling appears to be the only feasible candidate less than 5NM (PPI slant
range) from the flight track.

i) Aircraft altitude

Measurements of the radarscope images were interpreted with referenceto charaderistics
of the radar to indicae limits on the posgble flight altitude. The results of such an
investigation povide quite strong evidencethat the dtitude of the arcraft is grosdy
inconsistent with the known dtitude & the time the first echoes were reportedly deteaed.
Thistends to suppat the 1968reconstruction d the incident by Col. Werlich in which
these extant phaos were taken at or nea the end d the incident (some 19-16 statute
miles, or 16.5- 14 NM, from the runway acording to his contemporary record).

Accurate dtitude determination by this method depends on knawing the depresson angle
of the battom edge of the radar beam where it interseds the ground.If we know the
depresson angle we can cdculate the dtitude from the displayed slant range. Thisangle
depends ontwo variables: Thetilt angle of the antenna boresight, and the verticd
coverage pattern of the beam which isitself afairly complicated function o range due to
the cosec*2 verticd profil e (the arcraft orientationisimmaterial sincethe antennatilt i s
servo-stabili sed by pitch androll signals from the ASQ-38 computer). Even asimple
pencil bean does nat have adefinite edge, of course; rather the edge is sme nominal
contour defined in terms of power density, resolution a probability of detedion. But in
the present case the "edge" has arather clea operational definition, asthat verticd angle
from the axtenna boresight correspondng to the fairly sharp transition between dtitude
hole and groundedo onthe PH.
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Fig.9 Schematic diagram of verticd coverage and aircraft altitude
In modes designed to scan the terrain (B) the radar operates with the beam depressed, the
conical "altitude hole" below the aircraft shrinks to a vertical angle of a few degrees and the PPI
shows an altitude-compensated map of true ground range. In Station Keep mode (A) the beam is
elevated to detect airborne targets, the altitude hole widens to a cone 76 degrees wide and the
PPI shows uncompensated slant range like an ordinary surveillance radar.

Therelation between vertica coverage, displayed range and dtitude (seeFig.9) is
smplified by the fad that there is no atitude mmpensationin Station Keegp and the
displayed range is smple slant range. This being so the depresson angle of the bottom
edge of the beam below horizontal isthe key to the trigonametry. Training manual CDC
3215k, Vol.4 andthe HSBR/IHSBR/ACR Ted Order together indicae that a) the
verticd beam angle varies from 54-60 degrees; b) the angle widens asthe antennais
elevated; c) in station keg the antennais maximally elevated; therefore d) the anglein
station keep is probably 60 degrees; €) the training manual gives the top edge beam angle
as +8 degrees, therefore f) the depressonangleis abou 52 degrees. [Sinceit isnot certain
that b) continues to apply when the radar isin Station Keep, it is passble that the
depressonangleis abou 46 degrees. For the moment we cntinue to assume the former
value, bu for certain puposesit will be sufficient to adopt a representative value of ~ 50
degrees.] Slant range varies like the sine of this angle and so we can cdculate an
approximate arcraft altitude.

We can also crossched this against another inferrable quantity, the rate of descent. The
true rate caana be known independently of the true dtitudes, bu we can use the fad that
the dtitude hole radius reduces from abou 2.1 milesto abou 1.8 milesin 36secndsto
cdculate some limits and a set of values for arange of radar angles. Sincethe B-52 was
performing atext-bookapproach to the Minot AFB runway from aknown altitude ona



pil ot evaluation exercise, the various descent slopes consistent with the phao sequence
can then be compared against expedation based ontwo ather known data - the average
angle of the entire descent from the moment of leaszing FL 200 and commencing
approad, and the slope of the final glide path printed onthe Minat approach plates.

All else being equal (i.e. if the cmputer-compensated antennatilt stays the same, as
seansto bethe cae asthere aeno dscontinuows jJumps in the size of the dtitude hole)
then the slant range from the antenna to the ground(atitude hole radius) is deaeasing at
the average rate of ~3080ft/min duing the 36-seacnd phao sequence Obviously the rate
of verticd descent islessthan this. The true rate would vary as the sine of the depresson
angle. Thusfor frame 771 (slant range ~2.1NM or 12,750ft) and frame 783 (slant range
~1.8NM or 10,930ft), we have these ill ustrative pairs of terminal altitude values (Table
2) for different radar coverage depresson angles, leading to various average descent
slopes for the 36-second phdo sequence

radar angle start alt. end alt. rate, ftfrmin descent slope
-10 deqgs 22114 18494 a27 1.3 deqs
-30 deqgs B3TA a464 14148 3.9 degs
-50 deqgs 9TET g8ara 2323 6.9 degs
-T0 deqgs 11,881 10,270 2842 7.3 dens
-80 deqgs 12,556 10,764 2887 7.6 dengs

Table 2. Radar depresson angle and associated descent slope

Altitudes are in feet above terrain

The adual pradice gproac slopeisnat known, bu acrding to the Blue Book fil e the
descent over the period d the UFO episode was from FL200to abou 9,000ft MSL ona
groundtradk of 24 NM, correspondng to an average of abou 4.3 degrees. Considering
the average slope of the entire goproach, from FL200at 38 NM to 1630ft MSL at the
runway, we find that thiswould be &ou 4.6 degrees. Sincethe fina glide slope from the
outer marker is known from the Minot AFB approach platesto be shall ower than the 4.6
degree aerage, at lessthan 3 degrees, one would exped the average angle of descent
prior to the final glide slopeto be stegoer than 4.6 dgrees.

Thereisaded of uncertainty in these values (we have an ambiguous value for the true
range for departing FL200for example), bu crudely speaking they argue the likelihood d
adescent slope somewhere nea the middle of Table 2, abou 2000ft/min at around 5
degrees or so, correspondng to aradar depresson angle (column 1) somewhat lessthan
50 degrees. Thisisnat far from the bradeted batom edge value (between -46 and -52
degs) deduced above from documentation, reassuring us that the basic constructionis
sound.

Taking 50 degrees as representative of the written specs, therefore, we have these dtitude
values for the initial and terminal frames of the phao sequence 9767ft abowve terrain (~
11450ft MSL) and 8370ft abowve terrain (~10,000ft MSL), reasonably close to the
terminal value of abou 9000ft given by Col. Werlichin 1968.



ADDENDUM: Claude Poher has performed a similar but rather more detailed analysis to find a
uniquely consistent model by covarying a number of parameters. Poher©s model incorporates a
match between the frame 783 ground echo feature and the shore of Lake Darling, as described in
Section 5.ii, and one interesting result is that it requires the distance between frame 783 and the
Deering TACAN (by the Minot AFB runway) to be some 21.6 NM instead of the 14 NM recorded in
the Blue Book documents. It also requires the depression angle of the radar beam bottom edge to
be about -45 degrees. This is some 5 degrees less than the nominal -50 degree approximation
adopted here, but would be fairly consistent with the lower limit of the range of possible VPD
coverage (54-60 degs) cited in the ASB-4/9 tech order and a +8 degree top edge as indicated in
the diagram of the Station Keep field pattern in Fig.3.

Howsoever, the probable terminal values found in Poher©s work are 11498 ft MSL and 9478 ft
MSL, quite close (within about 0.5% and 5% respectively) to the values determined here using a
different set of assumptions. This coincidence means that it is difficult to choose between the
models on some indicators, but happily it also means that interpretations of the unidentified
echoes (Section 6) are not very sensitive to uncertainties in the variables determining the model.

iii) Summary and conclusions on time and dstancedata

Asindicaed abowe, attempts to reconstruct atotally self-consistent scenario have
encourtered problems, partly because of incomplete information bu also because of
anomalies in the information we have. These anomalies are principaly: a) timing
anomali es and lacunaein the RAPCON transcript; b) inconsistent aceurts by Col.
Werlich o theinitial echo behaviour observed rea the turn over the TACAN approach
bea®n at aroundFL200,>18,000ft abowve terrain; and c) suggestions that the phao
sequence belongs to the initial target behaviour observed nea the turn. We will now
attempt to use the result of Sedion 5ii to help resolve some of these problems.

Firstly, ¢) isnot only in conflict with Col. Werlich©s contemporaneous reconstruction
pladng the phaos at the end d the event, and with what natural pradicewould lead ore
to exped in the drcumstances, it is also in conflict with the navigator Pat McCaslin©s
independent recdl that he did na start the camera until the pil ot suggested this ssmetime
much later in the event (seeNote 4). Further, we have now shown that the dtitude of the
B-52 at the time of the phatos is definitely inconsistent with the theory that the phaos
show the start of the event, but could indeed be @nsistent with Werlich©s 1968scenario
pladng them at the end. Aswill be shown below, the upper limiti ng target rates found
from the scope phatos are dso inconsistent with the initial echo kehaviour as described
by Col. Werlich, although they could be consistent with the rate independently recdled by
Clark.

For purpaoses of discussonit will sometimes be useful to dvide the phaosinto two
phases. Phase A, frames 771-3, interpretable & the rapid passandtransit of aUFO to a
pasition df the left wing; then alaaunain 7745 where the eto (definitely in 774
arguably in 779 disappeas; followed by Phase B, frames 776-782,the regppeaance of
the eto stationed persistently off the left wing, disappeaing againin 783.

According to Werlich©s ealy Memo for the Record, October 24 1968

Initially the target traveled approximately 2% mile in 3 sec



or at about 3,000 mi/hr. After passing from the right to the
left of the plane it assumed a position off the left wing of
the B-52. The blip stayed off the left wing for
approximately 20 miles at which point it broke off.

Thereis certainly asimil arity between this description and the Phase A sequence which
shows echoes 1.62miles off theright nose (#7712, 1.05miles just aft the right wing (#
772), then 1.05miles off the left wing (#773. SeeFig.12 But Werlich©s "abou 3,000
mph" can©t be remvered from this phao sequence (seebelow) and by the time of his
October 29 telex Werlich has a diff erent understanding of what the initial behaviour was:

AFTER ROLLING OUT OF A RIGHT TURNAROUND TO THE TACAN
INITIAL APPROACH FIX, A BRIGHT ECHO SUDDENLY APPEARED 3
MILES ABEAM AND TO THE LEFT OF THE AIRCRAFT. THE ECHO
RAPIDLY CLOSED ON THE AIRCRAFT AND REMAINED AT ABOUT 1
MILE.

Thistime there is no mention d 3000mph a of the target crossng from right to left of
the arcraft. Instead we have only a"rapid" closure from 3 miles off the left wingto 1
mile off the left wing. Plainly the phaos do not show atarget 3 miles off the left wing at
any time, neither do they show a dosure from 3 milesto 1 mile a described here, so this
description canna be referring diredly to them, even by mistake. But when we look at
Werlich©s map owerlay of the UFO tradk in the Blue Bookfil e (seBig.11below) showing
a dosure of the etio from 3 milesto 1 mile off the left wing nea the VOR beaonfix, it
isequally clea that thereis no 3000mph closure here ather: Asauming constant echo
beaing from the B-52, the dosure shown beginning at point b in the figure takes placeon
atrad of abou 3.5miles over at least 8 radar scans (24 seands or more), a groundspedd
of only abou 520 knds. So thistell s us that Werlich must have been referring to other
information, abou a diff erent target movement, gleaned presumably from the navigator,
Pat McCadlin, duing the debriefing.

initial radar events near the turn over the TACAN approach fix

McCaslinOs very clea rewlledionisthat the target was first deteded by him to theight
of the arcraft onthe outboundleg before the arcraft had completed its 30/180turn badk
onto the gproach heading. This quence 4 first sight appeas inconsistent with Col.
Werlich©s 1968statement in the AFR 80-17 report telex that the edo appeaed "after
rolling out of [the] right turn". However, as we have seen Werlich©s simmary statements
quaed above ae themselvesinternaly inconsistent and bespea some wnfusion.

Werlich obvously redised qute soonthat the phaos which Clark had printed upwere
nat taken (as Clark apparently had always beli eved they were) at the start of the incident,
but rather at the end, and he makes this plain in the file. But it may be that this redisation
was resporsible, ironicdly, for the cnfusion that appeas between Oct 24 and Oct 29in
hisacount of the start of event. He may have alited ou his Oct 24 referencesto 3000
mph, and to the transit from right wing to left wing, because in his mind these feaures
becane cnflated with the rather similar phao sequenceoriginaly, bu (he now redised)



mistakenly, placed at the beginning of the event. But although it may be crred that there
had been confusion, Werlich©s Oct 29 revision, rather than clarifying the issue, introduced
further confusion.

It wasn©t only Werlich. The evidenceis consistent with arather general confusion onthis
point, bahin 1968and since As mentioned, it appeasto have been present in Richard
Clark©s mind, and McCaslin©s own remll edion suggests that he may have wnflated the
phaointerpretation and his own memory of theinitial sighting in avery similar way.

McCaslin©s acourt clealy describes fast motions of the edo orly nea the start, followed
by its geady padang of the B-52 df the left wing urtil the timeit finally disappeas. So
when he describes (interview with Tom Tulien, Feb 2002 being shown the film sequence
in alater debriefing at Minat, it appeas that he is mistakenly associating these kinematics
with the start of the event:

. .. it's that that they used to calculate the speed. That's where | found out what the speed
was, during that session. They said, ‘We figured the speed was...’, and | forget. It was a
phenomenal amount of...it was a phenomenal speed. And what's important about that is
not the speed, but the fact that they could instantaneously go from one speed to the next,
and then instantaneously resume the speed that the...the prior speed. That was more
impressive to me than the actual speed, although that was impressive enough.

The same mnflation acaurs explicitly later in thisinterview. McCaslin had been sent poar
copies of the scope phaosin late 2000and is describing how he interpreted them:

PATRICK: The...the blip | saw would have been when we first picked it up.

INT: Okay.

PATRICK: It was on the outbound leg. And...and the scope photos | saw had none
of the stuff from inbound. None.

INT: Oh, okay.

PATRICK: All that's missing.

INT: When you say ‘inbound’, at what...

PATRICK: After we turned from the te-or after we turned and started our descent.
INT: Okay, you don’t see anything...

PATRICK: All this stuff...all the stuff that | saw on that package was outbound.
INT: Okay. From the beginning of the incident?

PATRICK: Could've been slightly prior.

INT: Oh, okay. Okay.

PATRICK: But there...there was...it was hard to tell because of the quality. | could

tell from the heading that we were outbound. | could tell...I saw one blip, maybe two that
were what | think is the...the return, and it was in the right position and all that stuff.
Three miles out, off the right wing.

In fad, we now know that McCaslin was here misreading the phaos. There ae cetanly
nore from the outboundleg at all. Thisis an understandable aror becaise these were
extremely poa prints made from microfilm copies of the Blue Book fil e; the investigators
had na at this gage discovered the good quality set retained by Richard Clark.



Fig.10 Image from Blue Book microfilm of frame #776
Just visible on this otherwise useless copy is the radial line at ~285 degrees caused by a 50
msec capping of the shutter to allow film advance.

The hypothesisisthis: Theradial feaure that McCadlin is realing as the heading marker
onthe radar scope isadually aphaographic atefad (Fig.10. A thin line runs aaossthe
groundedho towards abou 285 degrees due to the shutter closing briefly at the point of
film advance between ead 3-secondscan (seediscusson kelow). Because of the
atrocious print quality the red heading marker was completely invisible. Beaing in mind
that McCaslin had last looked at such an ASB-9 radar scope decales ealier, we can see
how the ill usion was naturally encouraged becaise the phory "heading marker" happens
to lie dose to the outbound teading onwhich he knew the B-52 was flying at the time the
edhofirst appeaed:

INT: . ... Those are probably the best copies we've got, right there.
PATRICK: Okay, see, you can't tellvait looks likeVsl can't even tell theYshard to tell
the time, even.

INT: Yeah, | know. They're hard to read.

PATRICK: Uh, but you can see¥awe're outbound. There's the heading indicator
right there, the track.

INT: Okay, that's the direction you're going¥s

PATRICK: And we're headed northwest.

INT: Are these the TACAN numbers?

PATRICK: No, those are theVsthat's theVa

INT: Degrees?

PATRICK: Yathe heading. Yeah. So we were headed.

INT: No, not even degrees, are they?

PATRICK: Yeah, they're degrees. This is 280.

INT: Oh, okay. I'm sorry. Okay.

PATRICK: So you're headed northwest, right here. [ . . .]

INT: 285.

PATRICK: 285, yeah. We're outbound.

INT: Almost 290 [inaudible].

PATRICK: That could not be the inbound¥

INT: Okay.

PATRICK: Yareturn. So this was¥athis was on the way out.

McCadlin©s testimony appeas unequivoca onthe paint that the radar event began before
the turn with a strong echo 3miles off the right wing. Indeed, when we look at Werlich©s
own map owerlay in thefile (seeFig.11), plotting both the B-52 flight trad and that of
the unknown, we find that he indicaes, in addition to the UFO tradk padng the inbound



plane off the left wing, ancther static location abou 3 miles off the plane©sight wing on
theinside of the outboundturn. Thislocaion df the right wing of the plane before the
turn, andthe location d the first appeaanceof the edo df the left wing after the turn,
are both marked with the same red crossand are both conneded to the B-52 flight tradk
by what appea to beidenticd dashed lines evidently indicaing lines of sight between
synchronous pasitions.

UFD track =t
B-52 track

line of sight - — — —

M

%
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Fig.11 Diagram of B-52 and UFO tradks during the turn
The large open circle is believed to represent the VOR beacon fix for the approach path to Minot
AFB runway. The small black circle represents approximately the B-52 position at which the ASB-
9 radar echo could have begun to cross the flight path from location a towards location b,
maintaining about 3 miles separation as described by McCaslin. The small open circle represents
approximately the B-52 position at which the echo could have crossed from a to b in the space of
2% radar scans (7.5 seconds) at an average rate of about 3000 knots (see text).
(Approximately to scale. Adapted from Col.Werlich's map overlay)

McCaslin©s first uncontaminated memory, as given to Jim Klotz in an interview in Nov
2000withou sight of other historicd documents or witness satements, is worth quding
here:

as we were climbing out and approaching the VOR, | remember | noticed off to the right
on the radar a faint return about three miles out, and uh%2 which would have made it to
the north... and ah%

JK OK, And you were headed west.

PM We were headed west-northwest, | think, and then about uh%and then in the next sweep
of the radar, it was a very bright return, and it was a big return, it was at least as big,
maybe bigger than the return a KC-135 would make, which I'd seen many times.

JK Wow.

PM So | alert the pilots to that. | said “here's an aircraft or something off the right wing three
miles." Well, they could see nothing and they told me to keep them advised of it. As we
approached the VOR, they were going to have to turn right toward this thing, so I told
them, you know, I'll just keep an eye on it." And they turned right toward it and uh¥sand
as it¥s as we turned right toward the VOR it moved off to the north and maintained that
three mile separation, so as we rolled out, it was at three miles off our left wing, and we
were headed back toward the base now, uh starting the approach. | alerted the pilots to
that, and they still couldn't see anything visually.

So this phase of the event appeasto be arrobarated dredly by Werlich©s 1968 map



overlay andindiredly by Werlich©s initial citation (Oct 24 memo) of detail s which we
canna traceto any other origin than McCaslin©s testimony given in debriefing that day:
"Initially the target traveled approximately 2%2milein 3secor at abou 3,000mi/hr. After
passng from the right to the left of the plane it assumed a position df the left wing of the
B-52"

The simplest reading of thisisthat the transit from right to left of the arcraft was the
initial 3000mph motion. Is this feasible? Neither McCaslin na Werlich describe this
transit in detall so the significanceof "2% miles’ isuncertain. But evidently 3 secondsis
the aucial figure here, sincethisisthe scan period d the radar, suggesting that 2.5 miles
isjust a cdculated scan-to-scan dsplacement and dces not have ay other particular
kinematic significance Evidently the geometry of Fig.11tellsusthat arapid target
motion ketween Werlich©s two+" pasitions must, roughly speaking, entail some odd
multi ple of ahalf rotation d the radar if seen from some point coming aroundthe top o
the turn towards the TACAN fix, so 1%, 2¥%2, 3¥atc. In fad if we measure the distance
between these pasitionsin Fig.11we get abou 6.3 miles, which at the dted rate of 0.83
miles/sec @rresponds to alittl e more than 2%%rotations of the radar screen beginning at
abou the point marked by asmall open circlein Fig.11 This could concevably be the
origin of the vexed "abou 3000mph".

Alternatively McCaslin©s own later description d thisedotransit, as "maintaining a3
mile distanc€’, could be taken literally, in which case amuch slower echo motion would
have begun with the B-52 somewhere nea the small blad circlein Fig.11 Then the
origin of Werlich©s "abou 3000mph" is bad in contention. We wuld try to conred it
with McCaslin©s recll edion that just after the transit the edo closed suddenly:

We started the approach, and uh, again it was out there at three miles off the left wing. At
some point, | don't remember what altitude, the pilots were descending toward the base,
but at some point this thing, uh, from one sweep to the next it moved from three miles off
our left wing to one mile off our left wing.

But even adisplacement of 2 milesrelative to the B-52in 3secmndsis equal to aspead of
only 2400mph, na 3000(corredion for groundspeel is negligible). Thereisalso no
indicaion d this gedfic movement on Col. Werlich©s tradk overlay, nar any other
unambiguous contemporary record of such amovement. So thisissue caina be definitely
resolved.

therada film sequence

Howsoever, returning to the radar film sequence, the result of the present analysis
suggests that Richard Clark was corred that the 13 phdos which he ordered printed up
were the start of the phato sequence, bu that there has been some wnfusion, bahin 1968
and since, between the start of the event (corredly recdled by McCaslin and ambiguously
recorded by Col. Werlich) and the start of the phaography.

Further evidence of this emerges when we try to explain why thefirst of the numbered
frames, #771,appeasto capture ahalf-revolution d the radar sweep, hitherto assumed to
mark a dnange in the scan mode d the start of the event when the radar was first put into



Station Keep (seeSedion 2abowe). Training Manual CDC 321K Vol.4 dscloses that
the operation d the camera, rather than being a snapshat of the PH display capturing an
image with a persistence mmparable to the 3 secondrotationtime, isatime exposure, the
shutter being open for virtualy the whoe 3 seaonds. (I initially assumed that it was
snapshat becaise the moving clock second heand and the number courter are "stopped” by
abrief exposure. But the brevity is explained by the fad that the dock and courter are
physicdly separate from the PA and phdographed through a different lens g/stem. The
images are combined by adoule expasure.) The PR expaosureis controlled eledricdly
by aloopfrom the antennarotation medianism. At a cetain pant the rotation closes a
circuit and sends a voltage to the canera shutter and film advance mechanism, cagpping
the shutter for 50 milli seaonds during which time amotor winds the film to the next
frame.

This momentary interruption appeas to be marked by the narrow dark wedge visible on
the phaos between 280and 290 @grees (strictly, cgoping the shutter for 50 milli seconds
ought to interrupt the image over an arc of 6 degs; the wedge visible is aways much less
than this angle for uncertain reasons). Thisistheradial li ne suggested above athe origin
of McCaslin©s mistaken "WNW heading marker" on a negative print. Frame 77 1therefore
shows the shutter opening with the PR sweep at abou 100 degrees followed by atime-
expaosure of approximately 1.5 seconds until avoltage from the antennarotation
medhanism trips the camera shuitter, closing it at 284 degrees and causing afresh frame, #
772,10 be advanced into place In ather words #771shows the instant, neaer the end o
the event than the beginning, at which the camera switch was operated, rather than the
instant at which the radar©s Station Keg switch was operated.

The only evidencewhich onthe faceof it might contradict this enario is Richard Clark©s
remlledion that there were originally agrea many more frames than the 13 he had

printed, passbly over ahunded. A hunded frames would represent a further 5 minutes

of phaography, bu the arcraft atitude is persuasive evidencethat the phaos we have
were taken shortly before the edo dsappeaed, as dated by Col. Werlichin 1968,and
Werlich©s contemporary tradk chart shows a"radar film ared' approximately 2.56NM in
length, consistent with 13 phdo intervals of 3 seands at the B-52 speed, nd more than
13. A further 5 minutes of UFO phaos after #783seems impossble.

On the other hand, thisis only evidencethat there were no further frames showing
anything of interest; it isnot evidencethat were no aher frames. The B-52 dd na land
immediately, bu exeauted a missed approach and went aroundat low level in order to
overfly the reported "landing" locaion before finally putting down at Minaot AFB. It
would be natural pradiceif the radar was left in operation duing this go-around,since
one doesn®©t know that the target has gone for good,and indeed the arcrew testimony is
that they were instructed by radio to film the ground duing this overflight. Sincethe B-52
caried no operable canera other than the radarscope canerathis can oy mean that the
radar remained operational and that the camerawas running. Probably it was left runnng
until touch-down o until the film ran off the spod so that the cmplete roll would have
been taken from the arcraft after landing by the intelli gence analysts.

Thiswould be mnsistent bath with Richard Clark©s reall edion that the canerawas



switched on telatedly (as concluded here) and left running until they landed, producing a
gred many frames, and with the fad that he said "I had them print every significant
image", recdli ng "nothing of any value" onthe later frames (see &so Note 4). On the
succealing frames the dtitude hole radius would dwind e rapidly, even with the antenna
tilt at maximum elevationin Station Kegy, and would vanish entirely long before the
aircraft descended to a cupe of hunded fed to exeaute its low approach over the Minaot
runway. After thisthe B-52 rever reavered sufficient height for the dtitude hoeto
regppea. They overflew the "landing" locaion at areported 1500ft, which is comparable
to the minimum range of the display (the ~2000t TR-hole radius caused by de-ionisation
delay in the antenna dupdexer). So these frames would na be &leto show any targetsin
the ar, only ascope mmpletely saturated with groundreturn. 1t©s very probable that the
ecdho from any objed on a nea the groundwould have been lost against the groundecho
itself. But even if this groundscan dd contain latent information d use to someone who
knew what they were looking for, Richard Clark did na not know abou any UFO onthe
groundand was not himself asked to look for evidence of it.

Frames 771, 772 & 7773
superirnposed to indicate
displacement of the frame
of reference of the radar at
3-gecond mtervals at the
mean ~250 mph speed of

1. 75miles

1. Efmiles=s

0. 75mile
4

b

Tz
T73

TP

E-EE
heading
1z0%

e

the B-52 (Thiz 1z a
stmphfication of the true
renewal rate; see helow)

Only approzmately to
scale.

{Mote that the range scale
15 shightly non-linear and
changes between the first
and subsequent rings )

Fig 12 Diagram of relationship of PA edoesin Phase A

With all thisin mind we can refer to the situation ill ustrated in Fig.12in order to begin to
derive limitsfor the gproximate true (average) target speeals that would beimplied by
the edo dsplacanentsin Phase A.

the filmed edho speeds

Notefirst that if we use a ©onstant 3 second updite rate to cdculate edho dsplaceanents
relative to the B-52 and then corred for the ~1100ft movement of the B-52 (average
estimated groundspeed) per phao interval, we find maximum target groundspeeds in bah
cases (asuming co-altitude) in the region d 2000mph. This appeas inconsistent bath



with Werlich©s "3000mph" and with Richard Clark©s reoll edion that the Bomb Wing
intelli gence phaoanalysisin 1968(presumably employing asimilar corredion with
accessto acairate ar speal data) cdculated afigure of approximately 3900mph
(presumably nautica miles per hour).

However things are more complicated because dthough the scan rate and the phao
upckte interval are synchronised at approximately 3 seamnds, the edo renewal rate dso
depends onthe motion d the target. The renewal rate of arelatively stationary target or a
target ona cnstant beaing will aso be 3 semnds; that of atarget with an azimuth rate
will nat, andthe corredion depends ontherate and onwhether it is positive or negative
in relation to the antennarotation dredion.

Thetracerotation dredion onthe ASB-9 being clockwiseit is easy to seethat the total
timeinterval correspondng to 460 akgrees of rotation between the etoes cgptured on
frames 771and 772isroughly (460360 x 3 seamnds, or 3.8 seands, and the
displacement (roughly 2.1 NM in 3.8semnds relative to the B-52, assuming co-altit ude)
indicaes a maximum velocity of ~ 1990knotsrelative to the B-52. On the other hand
whil st the blip onframe 772foll ows that on 771 ly more than ore 360 degreerotation
period, the blip on 773follows that on 772 ly lessthan ore rotation. It must be painted
when the tracehas rotated only abou 115 degrees after the triggering of the frame
advance d the end d exposure 772in order to appea onthe screen at the time of frame
773.The tracehas rotated abou 160 degrees between the two paints. So, the
displacement between frames 772and 773(approximately 2.1 milesin 1.3second)
indicaes a -dtitude maximum of ~5870knots relative to the B-52.

Neither of these speals corresponds to anything in the original air forcefile. However, we
shoud aso consider that it isimpossble to determine accéeration withou a minimum of
threepoints of measurement on any trajedory, so that ead of these speedsisin fad only
an average. When we take the overall average of these two speeds (which is equivalent to
taking the average rate of asingle accéerated target measured at threepoints, 771, 772
and 773 we get a m-altitude upper limit of aimost exadly 3900knots, suggesting that
thisisvery likely the route by which aspeed of "3900mph" was arrived at by the Bomb
Wing phaoanaystsin 1968asrecdl ed by Richard Clark.

Of course this ameasure of displacement relative to the B-52. Applying small corredions
for the goproximate speead and heading of the arcraft then gives us true (average) ground
spedls. This corredion hesthe dfed of somewhat reducing the true average rate of the
first displacement and very dlightly increasing that of the seand, giving maximum co-
altitude values of abou 1873knots (771-772) and abou 5877knots (772-773) with an
overal average of 3875knots (~ 4450statute mph).

The reader will have naticed that the éove displacements are measured assuming the
default case of co-dtitudinal targets (zero degrees relative devation) and so are upper
limiting values. | am grateful to Claude Poher for pointing out the importance of the
unknawvn elevation angle(s) of the target(s). Because of the depresson angle of the radar
cover the physicd distance between two target positions within the bean can be very
much lessthan would be indicaed by their slant ranges as projeded onthe PR display. In



other words thisis aproblem in sphericd, na plane, trigonametry.

ErEia ma¥imam minima for two walues of f§
interwval B o® [ —gn” q = —sn”
CAER 1873 1246 935
Ak 5877 3607 2844

Table 3. Average implied groundspeeds
Showing dependency on depression angle. Magirnum values occur if
the target is co-altitudinal with the B-52 (=07
Speeds are in knots

Some limiti ng solutions, assuming horizontal trajedories, are summarised in Table 3. The
-50 degreevalue represents the spedficaion figures used in this analysis. Note that
maximum speels consistent with Claude Poher©s reconstruction d the B-52 flight tradk,
and a-45 degree overage limit, would be dlightly lower still . (The values for -60 degrees
represent the average diagram in Fig.3, athouwgh there is no good evidencethat this
diagram is other than schematic.) We can seethat the range of possbleimplied
groundspedls is considerable.

6. Interpreting the Unidentified Echoes

In Sedion 5iii it was foundconvenient to dvide the phao sequenceinto two pheses -
Phase A (frames 771-773), the ostensible rapid motion d the blip from off the right nose
of the B-52 to a point behind the right wing before @ossng to a point off the left wing;
Phase B, (776-782), the regppeaance of the blip stationed persistently off the left wing.
We foll ow the same aonvention. The method hereis elimi native, an attempt to determine
beyondreasonable doult what the "edhoes" are nat. Some refledions and conjedures will
be offered in Sedion 7.

a) meteors

Whil st the persistent Phase B echo has no simil arity at all to a meteor return, echoes such
asthaose to theright of the arcraft in Phase A could concevably be due to a meteor or
meteors.

Meteors generate ahigh temperature plasmadue to ram heding of the ar, which can be
deteded oncertain radars. Generally it isthelong trail or wake ionisationwhichis
deteded, ading as an efficient re-radiator when favourably oriented in relation to the
radar. Thetrail will be scanned as an effedive point target on a single swee because the
recombination time of the plasmais very short and the typicd flight time is lessthan the
rotation period d most surveill anceradars.



In the present case the successve edoes are far apart (~100 degrees of azimuth) and a
relatively fast 20 rpm rotation rate means that a single unusually long-lived meteor
deteded on ore scan (frame 771) might till have been within the wverage pattern when
the antennarotated badk towards it approximately 3.8 seconds later (frame 772). We can
show (seeSedion 7) that the detall of the edo presentationis not inconsistent with two
conseautive edoes from a single fast-moving target passng through the drum, provided
that the dfedive target edhoing areafor 3cm radar isin the order of several hunded fed
long onamajor axis alli gned with the diredion d motion. However unlikely, in principle
this could be two returns from the head echo d avery large fireball .

Taken at facevalue the eto dsplacenent would indicae amaximum speed of 1870 Ks
(~ 2160mph), which is between ore and two orders of magnitude too low for an ardinary
shower meteor and requires aflat trgjedory at zero degreesrelative devation. The radar
coverage pattern, having atop-edge devation d only abou 8 degrees (a maximum,
remember, sincethe dharaderistic target for this patternis alarge jet aircraft; seeSedion
5.i), also impliesthis: An elevation 8 cegrees above flight level requires a detedablelst-
trip target at 1.62milesred rangeto be & abou 11,000ft or less- i.e., aspedaaular slow
fireball roughly co-atitudinal with the B-52.

Such afireball implies an abnamally slow meteoroid that has been further dramaticdly
slowed by tropaspheric braking and hes a very good chance of surviving to the ground.
Could afire caised by an impading meteorite, or fragments from an air-detonating
meteorite, explain the "landing" and the bright glow observed later at groundlevel from
the B-52? Leaving aside for the moment the fad that this wouldn©t help to explain the
immediately conseautive Phase B radar echo, severa arguments make this theory very
unlikely.

The position d the B-52 when the edofinally disappeaed is given in the original reports
as 296 cegreesradia 14 NM from the Deeing TACAN bea®n adjacent to Minot AFB
runway. The "landing" location to which the B-52 returned and where it overflew the
groundlight is also given with fair acarracy. Col. Werlich givesthis position as 320
radius,16 NM" from the TACAN bea®n, corrobarated by groundvisual reports. These
locaions are some 7 miles apart. The relative pasition d edho 772isalso knavn
acarately - abou 3 miles at 300 degrees from the final Phase B echo pasition onframe
782 and therefore some 10 miles from the "landing” locaion. So a meteor on a shall ow
trajedory (seebelow) travelling aimost 1 mile/seand ona heading of abou 338 degrees
magnetic would have to arrive & an impad point some distance even further away to the
NW than this, leading (conservatively) to a minimum distance of maybe 15 miles from the
neaest likely impad point to the neaest possble groundvisual pasition. Given that the
B-52 approadhed to within amile or two of the locaion d the groundlight at only abou
1500ft this discrepancy seans far too large to reconcil e. (If Claude Poher©s cdculation d
the B-52 paition at frame 783is acaurate, then the discrepancy between the two
locaionsis even increased by several miles.)

No sign of impad or fire damage was discovered from later heli copter survey of the site,
or anything else to explain the structured oljed seen from the B-52. There is no evidence
of reports from farmers or claims of damage, and ndhing was remvered. A seach of



various orntli ne meteor resources produces norecrd of ameteorite fall onthisdatein N.
Dakota. Moreover there was no visua report from the B-52 flightdedk of a spedaaular
fireball stregking past the right wing below the douds, nar do any of the many ground
observers who were watching the skies at that time describe apossble fireball .

So a dose-range fireball seansto beruled ou. If we forget the "landing” these problems
might be evaded by invoking areduction d displayed speed due to multi ple-trip returns
from aremote meteor passng beyondthe unambiguous range of the radar. At 2nd-rip
distances of ~70 miles dant range the angular rate wrresponds to a more reasonable
velocity of about 170,000mph (3rd-trip would doube this rate). On the other hand a
remote meteor would make apropationately very poa target (signal attenuation going as
the inverse 4th power of the range) becoming problematic in terms of the 3cm
wavelength of the ASB-9, which is already two orders of magnitude shorter than
optimum for returns from meteor ionisation. Moreover the implied trgjedory for first-trip
passage through the shall ow drum of the radiation pettern is a shall ow path oy abou 20
degrees off aredprocd healing, therefore alarge angle avay from the favourable
"radiant condtion" which occurs with meteor trail s orientated namal to the radar li ne-of-
sight.

So orce ajain thisimplies grong head edhoes from avery large fireball -type meteor,
rather than the more usual echo from afavourably oriented particle trail, and now the
requirement for alarge radar crosssedionis even more stringent. An angular
displacement of 100 degrees between paints implies a meteor detedable over atradk
length of around 200miles for several seamnds, picked upat 2ndtrip range and onan
inefficient wavelength.

Simple geometry shows that a 2nd-trip trad deteded twiceon successve scans at abou
70 miles passes within a slant range of abou 45 miles from the radar (whil st the antenna
is"blind" and rotating through the reaprocd sedor). Even thowgh 2ndtrip onradar, this
is dill a"neaby" visual meteor in the locd sky sincethe vast mgjority of meteors burn
out at altitudes well above 50 miles, and it shoud have been a prominent visual objed
low in the SW sky (low elevation angleimplied by radiation pettern) stresking westwards
at ~ 35 deg/secfor several seamndks.

It seems possble that the reported presence of haze (the arcraft was probably flying
within o close to haze and/or patchy overcast at the time of the phaographs) and a
secondlayer of broken owercast at abou 25,000ft (about 3 miles abowve the flight level)
could have prevented visual observation. However, ground olservers apparently werein a
pasitionto seeSirius and/or other astronamicd bodes in the southern sky acerding to
the Blue Book hypathesis, so the degreeof likely obscurationis arguable. Most observers
reported seang some stars. Even with broken cloud cover one might exped that so
colossal abalide would be seen by at least one of the many people watching the southern
skies from aroundMinat, andif not by them then by somebody somewhere in N. Dakota.
The incident took dacewithin the time frame of the aanual Orionid meteor shower, abou
15-25 Oct., and meteor showers are routinely observed by professonal and amateur
astronamers, bu no reports are findable of aremarkable fireball seen duing the Orionid
shower of 1968.



Taking adifferent tadk, nate that we caana necessarily infer continuity from two o three
widely separated paints. It isalso passble that two different meteors could be deteded on
successve scans. From theregion d Minat ND the Orionid radiant (RA 92 degs; Dec 15
degs N) culminated at abou 50 degrees elevation die south at about 0400locd time on
the morning of Oct 24 1968.The typicd Orionid rate & maximum is abou 20 meteors
per hou.

Suppase that succesgve Orionids passwithin oy afew miles of the arborne radar and
so are deteded as first-trip targets. Detedion might then occur even at the unfavourable
3cm wavelength o the ASB-9, because dthough the returned power varies as the aube of
the wavelength it varies as the 4th power of the range, and the gain dwe to very close
proximity could ouweigh the lossdue to short wavelength. Travelling at perhaps 50
miles per ssconda meteor could passthrough a 2-degreeradar beam (afew hunded fed
wide & the indicaed first-trip ranges) in afew milli seconds and awake edo could be
scanned as ashort stregk at almost any azimuth.

But again, 1st-trip echoes from meteors only afew miles from the radar would still im ply
large meteors that survived ablation dowvn to below about 12,000ft. Such meteors would
definitely be bright visual fireball s, and nav we have two, in startling proximity, instead
of one only moderately close by. Seaond-trip ranges would all ow ordinary shower
meteors at altitude; but two ardinary Orionids a 2nd-trip ranges are nat likely to have
been deteded onthis X-band radar in the first place so again we ae bad two fireball s
instead of one. Thisisnot an attradive dternative.

In summary the least unlikely meteor scenario to explain echoes 771and 772would be
sewndHrip edhoes from asingle very large fireball, pasgng within abou 45 miles uth
of the radar on aheading of approximately 290 degrees true.

Thereisno visua evidence @nsistent with afirebal, despite large numbers of ground
and air observers ®nsitized to "seeUFOs', bu thisis not conclusive owing to the
presence of broken layers of cloudand haze @owve 10,000ft. On the other hand, these
clouds were gparently not dense enough to prevent observation from the ar and/or from
the ground d the stars Sirius and/or Vega (acording to the Blue Book hypothesis).

A largefireball isa priori an improbable event, and a compli cated relationship between
speed, massand the dtitude of ablation means that fireballsin the N hemisphere have a
maximum frequency in Spring and in the evening. In North Dakota, an ealy morning
hour, in the Autumn, is exadly the least likely time to observe afireball.

Thereis no conredion to the aulminating Orionid radiant, which is at this time 30
degrees of azimuth south of the southernmost possble origin of the implied radar trad,
so we have apure @incidencewith the Orionid shower.

Fireball s are observable over awide aea | can find no aher reports of passble fireballs
for the date and areg either in UFO report lists or in meteor observation records.
Admittedly the locd time would na condwceto large numbers of potential observers;



neverthelessthe dsence of other reports adds to the aimulative improbability of a
fireball explanation alrealy coincident with urrelated locd visuals andaMinot AFB
wedaher-radar target.

Finally, given the aincidenceof an immediately conseautive persistent ASB-9 radar edho
(Phase B) which can have nothing to dowith meteors, the meteor hypothesisfor 771 &
772shoud beregeded as highly unlikely.

b) aircraft & missles

In this case the explanationis concavable (in principle) for Phase B but is rather more
difficult to apply to Phase A. The implied speed of abou 2000mph ketween frames 771
& 772appeasto rule out successve paints from one onventional aircraft. There were a
few aircraft flying in late 1968cgpable of Mad 3 (e.g. the SR-71 a the new Soviet Mig-
25), bu only at high altit udes many times the radar-impli ed atitude of under abou
10,000ft. (Invoking multiple-trip echoesis no help in this case as displayed rates will
always be slower than true rates.)

Thisleaves the posshility of different aircraft passng sequentially through the radar
cover, ead being painted for only one scan. The shortest distancethrough the mmplete
cover at the displayed ranges would be stegoly up a down, namal to the boresight angle.
If we say that the verticd cover isnominally 60 degrees (the adual profileis of course a
complicaed function d range and elevation defineable only in terms of a probability of
detedionfor agiven radar crosssedion) and the renewa rate is nominally 3 seoonds,
then we have the very approximate limit values shown in Table 4 below.

# range {mij min. lenath of track (B | implied speed (mph)

EER 1.6 7,400 1,632

T72 1.05 4 300 1,090

773 1.05 4.300 1,090
Table 4

These spedals are cetainly lower than the ~2000mph rate we ae trying to explain away,
but thisresult is not very helpful inasmuch as no aircraft could passhbly exhibit such rates
of nea-verticd ascent, or descent, at heights under 10,000t - certainly not survivably
(Note 9).

Actualy because of the nea-saturated groundedo filli ng the scope beyondabou 2.1
NM it would na be necessary for an aircraft to passin and ou of the entire radar cover
(slant range 5 NM) during one scan. The shortest path in and ou of the groundedo
would in eat case be the chord passng through the edo pdaition at right angles to the
radius. For 771this pathis2.45NM long, andfor 772it is 3.66NM long, al owing
aircraft to be painted orly oncewhil st passng through in either diredion, re-entering
groundedho after total sweep rotation angles of 395 degrees and 420 @grees
respedively, at abou 1633mph (1420 knds) and abou 2128mph (1850 knas)



respedively. But thisisahighly artificial hypothesis snceit requires ead aircraft to be
painted at the middle of itstradk and ead tradk to be & right angles to the line of sight, so
these rates are improbable minima, and even so they are still excessve - target 782,
particularly, is now even more of aproblem than it was before.

On the other hand if the tradks are radial then an aircraft could travel diredly outwards
from edho pasition #771into the surroundng groundedio onthe shortest path of abou
0.35NM in 3secs at aspeeal of only abou 480 mph (450 knds), and ancther aircraft
could travel 1.05NM outward from #772into the groundedhoin 3secs at abou 1450
mph (1260 knas). These figures ook ketter, bu they are not redly. An aircraft
presumably has crossed the scope diametricdly to read the start points of these radial
tradksin thefirst place and therefore shoud have gopeaed in the oppasite sedor of the
same scan 1.5secnds before. Thisisnot an iswue for 771inasmuch as the phao
expasure does not record this sope sedor; but once ayain for 772this only exacebates
our problem, leading to a minimum average spead (assuming level flight) of abou 2900
mph (2520 kndas).

We can suppase any arbitrary kinds of circuitous climbs and dvesto try and evade these
iswes, bu the result beaomes more mntrived and improbable. In general, two aircraft
must have come from and gone to somewhere, and this adivity was taking place toseto
the termina manoeuvring areaof a SAC air base with aB-52 paitioning itself for fina
approad, limiti ng the plausibility of the ideathat aircraft might have performing
manoeuvers at high speed in the vicinity.

Acoording to the AFR 80-17 report telex to Blue Book:

j- Location, app roximate altitude, and general direction of flight of any air traffic
orballoon releasesin the area that might acc ount for the sighting.

NO OTHER AIR TRAFFIC OR BALLOONS WERE IN THE AREA

All of the ASB-9 echo paitionsindicate dtitudes no more than afew thousand fed
abowe or below the B-52 which, even if margina for the ASB-9 coverage, shoud have
been well i nside the mverage of any airfield surveill anceradar. An undentified aircraft
flying below the B-52 could be unresolvable onthe PH of agroundradar from the edo
of the B-52 itself, but the arcraft hasto get there in the first place Excepting the
ambiguous evidence (in the RAPCON transcript) of a mntad with ore unknown target
nea the B-52 onthe Minat weaher radar for an unknavn duation gior to the arborne
radar contad, thereis no evidencein the fil e indicating the presence of any aircraft that
Col. Werlich, SAC or Blue Book are inclined to adknowledge.

Notwithstanding that there was "no aher [known] air traffic”, the lighted ogjed seen
either closeto ar onthe groundfrom the flight dedk suggests that the objed could have
descended below any radar cover, and even landed, consistent with what the official
report describes as "a simultaneous groundsighting [of an apparent landing] in
approximately the same locaion.” But this could obviously nat have been a fixed-wing
aircraft unlessit crashed, and acording to Col. Werlich daylight reannaissancefrom the



air reveded nahing in the aea Covert recovery seans highly implausible. So thisleaves
the remote posshility of an incursion by an undentified helicopter.

According to ground olserver SSt. James Bondat N-1 "the objed aded like a
helicopter”. But during the ar radar episode the minimum altitude of a helicopter in the
radar cover would have been (slant range dou 5000ft and asuming a maximum
depressonangle of -52 degrees) abou 4000ft below the B-52, a asimilar dtitude ébove
the ground.For long periods during arrival, padng and descent a heli copter shoud have
bea inside the groundsurveill ance ®ver, and heli copters with their bulky geometry and
the large swept-areaof lift andtail rotors tendto be very prominent targets. Also, 250
mphis extremely fast, and athough severa ground olservers clealy head jet noise from
the B-52 at some thousands of fed, there were no reports of rotor noise from alow-level
heli copter.

In short, known fixed wing or rotor aircraft seem very implausible.

There remain the remote posshiliti es of a) one or more experimenta stedth vehicles with
radar asped ratios designed to minimise ventral groundradar crosssedion bu still
detedable side-on a in dasal plan from the relative dtitude of the B-52, a b) deliberate
spoding using small unmanned jet drones with vanishing radar cross-sedions,

augmented by onbaard adive jamming against the B-52 radar to explain why the ASB-9
Phase B echowas said to be "larger than aKC-135tanker" or comparable to ancther B-

52. 1t might be consistent with this that unusual respornses were dso claimed to have been
deteded onECM gea in the plane (athough thisis a second-hand report uncorrobarated
by the plane©s EW officer) at the sametime & its two UHF transmitters were blocked (see
also Sedion 6.f below).

The state of the at in seaet experimental stedth techniquesin 1968is not known to this
author. Presumably an ealy full-scde concept demonstrator of astedth designisa
posshility. Remote regions of N. Dakota were gparently used for test flying and spedal
tadicd training, and what is known as an "oil burner” run for high-speead low-level flights
was reportedly maintained in the Montana border areawest of Alexander, where SR-71
trialswere condwcted. Thisrunisover 100miles W of the sighting location havever.
Ground olservers nea Minat generally reported bright lights, or a "wiener-shaped"
objed; but in ore cae a olserver looking diredly overheal described an oljed looking
"similar in ouline to astingray fish" acaompanied by jet sounds geadier and lower-
pitched than anormal engine. Thisisintriguing; but cruising "red slow when overheal"
at low altitude and generaly behaving "like ahelicopter" does not suggest any known
fixed-wing jet. Would any experimental stedth vehicle be flying around ower an ICBM
missle farm, brightly lit, in full view of many potential observers? No protoype VTOL
version d the stedth fighter is known to have been developed, and resumably the aash
of such avehicle would spark amajor incident.

Perhaps asmall RPV ismore likely. Many and varied military RPV programmes did exist
in the US during the late 60s, Army, Navy, Air Force and private venture, and some of
them have exotic-looking shapes. Teledyne Ryan, for example, had been bulding a
prolific series of pilotlessjet targets and ELINT platforms snce1951,and some caried



multi ple jammers as well as other ECM devices. The B-52 itself was designed to carry
several small pilotlessECM demys. From about 1960 urtil the late ©70s the decy used
was the ADM-20 Quail, which could fly for 30 minutes at up to 500mph whil st using
onbaard ECM equipment to simulate the radar signature of aB-52.

If one or more experimental RPV's had been deployed duing a avert test of the B-520s
EW systems they might have used drediona adive jamming tail ored to the ASB-9, and
possbly basic stedth techniques such as non-metalli ¢ construction and radar-absorbent
paintsto aid in suppressng their aready-small groundradar skin-paints. (This brings to
mind the gparently mobile small "negative edoes’ in the groundreturn behind the B-52,
discussed as feaures #2 and #3in Sedion 5i abowve. Stedthed targets might show up as
haesin the groundreturn. But thereis evidencethat #3, at least, must be asystem
artifad.) Such asmall and/or stedthy objed could be amarginal target for groundradars
whil st generating a very large false ©echd®© onthe arborne radar. If an experimental RPV
had fail ed and crashed nea Minat it could ac@urt for the bright orange glow onthe
groundseen later from the fli ght dedk.

But thisis arather desperate speaulation. After a10-hour flight the B-52 crew were
preparing to make afinal approad for landing, systems winding down, ECM gea not
operational (acarding to bah the mntemporaneous Air Forcereport and the EW Officer,
who remarked that he was probably taking aroutine nap at this dage of the flight!) and
the pil ot evaluationflight virtually over. Thisisan oddmoment to choose to begin such a
patentially risky deception, and an oddlocdion, too, in the midst of the Minuteman
misglefield. And as mentioned, Col. Werlich seached the reported landing areafrom a
heli copter finding only empty farmland, "nothing there that would producethis type of
light". How, when, why, and by whom, would an RPV have been remvered in seaegy
from the aeaunder the noses of numerous Minuteman seaurity and maintenance teams
and SAC investigators?

C) predpitation

The short 3cm wavelength of the ASB-9 radar makes it more likely than typicd S-band
survelll anceradars to deted a sufficient density of small predpitation particles. Thick
haze and lroken cloudisreported above éou 10,000ft and there ae indicaions of
increasing noise spedling onthe PA which could be caised by weaher. But such
wedher canna explain extremely anisotropic and compad edoes of the strength
observed.

It istrue that hail showers espedally have been olserved onradar to form in qute
discrete short-lived cdls of an arder of size not much above the likely first-trip resolution
cdl in thisinstance (the resolution cdl for a 1.6-degreewide 0.25microsecnd puse & a
range of 2 mileswould be ébou 300fed in azimuth by 123fed in range). However a halil
cdl would na normally form in such extreme isolation, and as mentioned the USAF
wedaher report states that there was no predpitationin the aeg let aone the thunderstorm
updrafts with which hail showers are generally asociated.

Multi ple-trip returns from an intense storm beyondthe 67.5mile first-trip urambiguous



range of the radar, in the vicinity of the Turtle Mountains massf, could concevably
explain the persistent Phase B target off the left wing, sincethe angular displacement of a
point 70 miles away dueto the ~2.5-mile travel of the B-52 duing the phao sequenceis
very small (see &so Sedion 6k below). The verticd rearculation d hail cdlsloftsthe
particles to dtitudes of many thousands of fed (upto 60,000ft in some caes) and the
large verticd extent of edhois charaderistic of predpitation. A large storm with hail
might concevably produce abroad echo (the angular width of the #773edo corresponds
to abreadth approading abou 8 miles at the seandtrip range) with also anaticedle
extent onthe range ais dueto the verticd height of the storm, which could be & grea as
10 miles. The range differential between the top and the base of such a storm from the B-
52 dtitude of about 1.5mileswould beintheregion d 500fed, which is sveral times
the range resolution d a0.25microsecnd puse (123ft) and might be detedable in
principle, bu only barely in pradice correspondng to lessthan 1% of the scope radius
(only abou 3 mm on the scde of the scope images measured in Sedion 5i) when
typicdly abou 200 spat diameters might be resolvable dong the PA radius. The radial
extent of the #773edhois approximately 4 or 5 times as large, so much too grea to be
acourted for by the verticd development of any possble terrestrial storm at 2nd-trip
range or greder.

Smeaing of echoes onthe range ais by ghosting, caused by radiation returned to the
antenna by two ray paths of different lengths in (hypotheticd) unusual propagation
conditions, could acourt for this degreeof radial elli pticity and/or apparent douli ng of
the persistent Phase B edho. But it seemslikely that edhoes receved in thisway, from
multi ple-trip distances and also via lossy scatering pathways, would require arather
efficient refledor. Therefore types of targets other than weaher (for which thereis no
evidence) might be better candidates for ghost refledions (seeSedion 6] below).

d) echoes from the moon

At first sight this might sean an extraordinary notionfor a 250 RV pe&k power airborne
radar, delivering amean power of alittle over 100V in Station Keegp mode (0.25
microsec. puse, 1617 p). Moonedoes werefirst deteded by the US Army Signals
Corp©#frojed Dianaat Ft. Monmouth in 1946with a continuows wave signal of 3 kW,
but they were often olserved onealy survelll ance pulse radars with peak powers of
tenshundeds of kW so it shoud be mnsidered.

The 0.5 degreediameter of the moonwill behave like apaoint target in azimuth. Becaise
it is gnall er than the &imuth resolution d the radar it will present an echowith an
angular width comparable to the width of the main beam, appeaing at the a&imuth of the
moon.But because the radar integrates edhoes from the entire lunar hemisphereitisnot a
point target onthe range ais. It isaso obviously a multi ple-trip target (~3500times the
unambiguous range of a1617 pys repetition frequency). On the scope, echo may appea at
any range which is equal to the residual between the true range to a paint on the lunar
hemisphere and some exad multi ple of the unambiguous range of the set, in additionto
which the orbital motion d the moonmeans that a given pant onthe lunar surface
changes range rapidly. When at low elevation rea the horizon the range-rate of the moon
will bein the order of 1000mph. In short the edo can have an arbitrary extension onthe



range ais, might abruptly change displayed range, bu will maintain the same beaing
from an aircraft in straight flight.

The Phase B echo daes appea at essntialy the same beaing throughou, and hes
intermittently a aurious elongation a ghaosting onthe range acis. The Blue Book acourt
describes this edhofirst appeaing off the left wing and closing range druptly from 3
milesto 1 mile (at 3000mph acording to Col. Werlich); dthough duing the phao
sequencethe ehotendsto approach slowly from 1.05NM to 0.87NM. Some qudlified
similarity to amoonedo can be agued, then, and abeaing of 9 c©clock from the arcraft
would be ~30 degrees true, which iswithin 10 degrees or so of the 19-degreetrue

azimuth of moonat 0400locd time onthe 24 Oct 1968.

Thelong axis of the edo(es) isnat in al cases exadly radial, deviating up to abou 10
degreesin a dockwise diredion. The degreeof radial compadnessand range ansistency
of the etois probably also greaer than ore might exped. But these ae minor isaues
compared to the fad that running an astronamy PC applicationfor the latitude and
longitude of Minot at 0400CDT on 240ct 1968 paces the moonat anegative elevation
of -67 degrees.

Thisis measured from the surfaceof the eath, nd from altitude, and moreover the 4/3
eath-radius radar horizon is always abou 15% further away than the opticd horizon, so
we nedl to corred this figure. But even from 20,000ft the radar horizonis only 200 miles
away, andtherelative devation d the moon desn©t change much in 200miles. Thisis
equivalent to the cdhange in cdestia position dieto lessthan 12minutes sderial
revolution d the eath, o lessthan 3 degrees. Even alowing for the passhility
(unsuppated by avail able radiosonde data) that the horizon might be extended by a
strongly superrefradive devated duct we uld still be confident that the moonmust have
been some tens of degrees below the radar horizon o the ASB-9.

e) echoes from lightning channels, lightning sferics & ball li ghtning

Echoes from lightning channels can be deteded as discrete targets, or sferics due to RF
radiation emitted by rapidly acceerated eledronsin li ghtning channels can generate more
widespread dsplay products. The phenomenaology throughou is completely inappropriate
for sfericsin this case. Successve lightning channels (duration about 0.5 se¢ might show
up as gochastic point echoes on successve scans aroundthe scope ain Phase A if the
radar islocaed in the middle of astorm. But there was nolocd thunderstorm adivity.

The posshility exists of remote lightning strokes being deteded by multi ple-trip echoes,
as plasma @lumn crosssedions are typicdly in the region d 60m"2 at centimetre
wavelengths. But any echoes will be much weger at X-band than at longer S-band o L-
band wavelengths (generally afador 10increase in wavelength allows a 100-fold
deaease in the necessary eledron censity for criticd refledion) so the short 3 cm
wavelength in this caseis not very favourable; moreover the shorter the wavel ength the
more likely it isthat lightning channels will be masked by edhoes from the widespread
predpitation that always acaompanies thunderstorms. The Phase A phaos show nothing
resembling this sort of predpitation echo. So these fadors combine to make etoes from



remote lightning channels at multi ple-trip ranges rather unlikely. (Neeallessto say the
duration d the persistent Phase B target rules out lightning channel edhoes.)

Blue Book concluded that the most likely explanation for the radar echoes was "a plasma
of the ball li ghtning class'. Quintanill a states: "Plasmas can effed eledricd equipment
and can aso be painted onradar" and "Plasmas, such as ball li ghtning, can occur in clea
wedher aswell as gormy weaher." This rather misrepresents the fad that, statisticaly,
ball li ghtning is very strongly correlated with eledricd storms, even though there ae
some reportsin the literature of phenomena nominaly classfied as ©bal li ghtning©
occurring in clea weaher. If such phenomena ae physicaly identicd to ball li ghtning or
not isamoot question, inasmuch as explaining the sustained energy density of lightning
ball s has proved dfficult enouwgh for theoreticians even with the power of an adive
thunderstorm to draw on. In the present case it would be fair to say that the general
condtion d the weaher is not remotely suggestive of ball li ghtning.

Ignoring the suppased hypersonic goproach and transit of the B-52, the behaviour of the
Phase B edho might redefine our understanding of ball li ghtning. Ball li ghtning duration
istypicdly only afew seands. A target with aradar crosssedion comparableto alarge
jet (~ 10-100"2m) paang the arcraft at ~250 kndsfor at least half aminute and probably
closer to 6 minutes (contemporaneous witnessreports) is unintelli gible a ball li ghtning.
Spedl, duationand crosssedion are dl at least one or two arders of magnitude greder
than the median reported or inferrable values for ball li ghtning.

Blue Book also suggested a"posgble plasma" as an explanation d the luminous objed
seen visualy from the B-52 on @ nea the groundsome minutes later. Multiple lightning
ball s are dmost never reported. The probability of so rare aphenomenon accurring twice
in the same aea in the ésenceof any sign of atmospheric dedricd adtivity, is
vanishingly small, andif the suggestionis that the same plasma was resporsible for both
radar and visual observations then this remarkable plasmaisa"UFQO" in al but name.

The malfunction d the two UHF radio transmitters coincident with the proximity of the
radar target isnot redly addressed at al by Blue Book, athough some vague suggestion
of possble ball li ghtning-related eledromagnetic efedsis offered. One (not whally
succesdul) theory of ball li ghtning formation propases that the plasmais sustained by
ducted high-intensity radio-frequency fields (never observed), presumably associated with
the large-scde verticd charge separation accurring in eledricd storms. Some analogous
medchanism might concavably cause UHF interference But thereis no apparent
likelihood d atmospheric-eledricd RF emissonsin this case. Moreover interferenceis
one thing; complete transmisson fail ure whil st preserving recetion onthe same
wavelength is quite ancther.

It istrue that aplasmawill scater radio waves. The UHF radio wavelengths concerned
are aound ore metre (~300MHz). Any plasmawith an eledron density high enough to
efficiently scater X-band radar (exhypothesi) will be much more dfedive & scatering
UHF radio. However the only radio waves <atered will be those that are adually
radiated in the diredion d the plasma. Thereis no obvous physicd reasonfor alightning
ball that gives a discrete radar echo at 9 d©clock from the arcraft to affed radio waves



transmitted forward to arecever situated at abou 12 d©clock ahead of the arcraft.

One can imagine an asociated region d sparseionisation, with arecombination rate not
frequent enough to be detedable by visible light emisson, which could, if spread over a
large enough vdume, still have significant opaaty at radio wavelengths. If the B-52 were
flying within or above such aregionits UHF transmissons could be atenuated by
absorption. But it is very douliful that sudden and complete blocking of the transmisgon
"in the middle of aword" could be caused in thisway, and again the preservation d UHF
receotion onthe same wavelength is completely unexplained. Moreover thereis no
evident natural medhanism for sustaining even arather weakly ionised large volume of air
in the dsenceof eledricd storm adivity (seeNote 7).

f) radio frequencyinterference, internal noise & EW soding

Radio frequency interferencewas apparently not seriously considered by Blue Book.
However asummary in the file of aphore mnwersation between Col. Werlich and an
FTD officer contains the remark that acording to Werlich "the bli p changed shape,
round,redangular, etc". The mnversationis dismissd as having contained "nathing of
value', which may mean that oddy-mishapen Wi ps are being considered dagnastic of
false targets and that this information therefore alds "nothing of value" to what Blue
Book had already concluded. A "redangular” bli p might reasonably have been thought to
indicate some dedronic atefad or interference, bu thereis nothing in the fil e that could
be construed as an analysis of this posshility.

The Phase B echo recrded onthe scope phaos does vary in presentation, in a manner
that can be @nstrued as elongating or doulding in aradial diredion andreverting on 782
to amore cmpad blip before disappeaing. The meaning of "redangular” is not very
clea and may refer to averbal description dfered by the operator in resped of some
ealier phase of the incident, or it may refer to the sort of appeaancevisiblein frame #
776.Here the douded or ghosted echo appeas flattened off at the far end where it merges
into the range ring, and at a glanceit perhaps does resemble asomewhat redangular
"bar". But although these aspeds of the presentation are cetainly unusual, they are not
necessarily diagnastic of an eledronic phantom. There ae mecdanisms that could cause
such effedsto accur when the radar is deteding an ordinary refledive objed (see
Sedions 6.k & 6. below). In fad this sort of fairly discrete blip is far from the most likely
appeaance of an RFI display product. Spiral or spoke-like patterns all over the scope ae
typicd.

When powerful radar pulses with foreign charaderistics, or powerful continuows wave
emissonsthat are not pulse moduated like radar beams, are picked upthroughou the
recaving antenna©s rotationia sidelobe and spill over gain (or sometimes when anoise
source washes diredly through poaly shielded recever circuitry) the display products are
usually scrambled becaise the recaver inpu beas no relation to the spedafic moduation
for which the display timebase is designed. But it ispossblein aspeadal case for
interferenceto emulate atarget arc if signals closely comparable to aradar©s normal
output can be picked upfrom asimilar remote radar only via the aatennamain gain - i.e.,
when the radars are "looking" at eat ather.



The @ondtions are: a) for the two radar wavelengths to be dosely matched; b) for bath
scan rates to be dosely matched; ) for bath pr.f ©sto be very closely matched; andl) for
ashort pulsetrain to berather discretely sampled, which probably requires €) that the two
antennarotations are synchronised 180 agrees out of phase, so that they "look at ead
other" once per scan whil st sweeoing in oppaite diredions and the simulated "dwell
time" is dhort, and/or f) that there isahighly spatially anisotropic radio duct in the
atmosphere that helps by sampling only the strong pulses at the pe& of the gain. (There
are dso anti-ECM sidelobe suppresson techniques commonly used in airborne radars that
might enhancethis sledivity; the ACR version d thisradar did have monopuse
sidelobereduction a M SR, bu the Tedh Order suggests that it was only usable by
seleding a distinct anti-jamming mode of the ACR, so it would probably not affed the
stuationin Station Keep.)

If al of the condtions are satisfied the display product might resemble the discrete ac of
pulses returned from a point target. If we wnsider two fixed groundradars, then if the

two scan rates are perfedly synchronous the "edho" would appea in the same placeon
ead scan, a stationary target. If the scan rates are very dlightly asynchronous by an

amourt shorter than the tracetime (which isthe light-travel time for the maximum range
onthe display, abou 0.5milli secondfor a 100 mile range) then the edo can progress
radialy in or out, along approximately the same set of traceradii, varying in intensity and
presentation as the two antennas drift towards or away from perfed boresight alignment.
But if the asynchrony per rotationislarger than the tracetime then the bli p won©t progress
smoothly but will skip around,first onthe range ais and then in azimuth as well.

Obviously problems of interferencethat can be anticipated are normally designed ou.
Transmitters are tunable and identicd sets are not normally sited in the radar line of sight
from one ancther. NeverthelessRFI does occur, and it could happen that two very distant
similar radars are aleto "see' ead ather onrare occasions due to anomalous
propagation condtions. There ae large numbers of off-the-shelf civil and military ATC,
airfield surveill anceor GCA radar setsin use & airfields large and small acdossthe US, as
well as air navigation and weaher radars. It is essy to imagine that afalse nea-stationary
target could sometimes be caused by unusual mutual interference between two closely
matched radars.

On the other hand this X-band airborne bombing-navigation radar diff ers from common
L-band a S-band survelll ance sets, and in the present case we know that at least one of
the two radars hypotheticdly invaved is an airborne bombing radar travelling at ~250
knots aimost tangentially to an hypatheticd line of sight whose beaing from the 1st radar
definitely does nat change a al within the limits of measurement for 24 seands (scope
phaos 773781), and probably does not change very substantially for around 5Sminutes
(contemporary witnessreports). This could mean either a) that the sourceradar is
remote that the angular displacement is negligible even at the groundspead of the B-52,
or b) that the sourceradar is also mobhile.

The first option might just be suppatable for the duration d the extant phaos. For
example: assume the true beaing is known within error bars of +/-1.0 degree



compouncded of an urcertainty of +/-0.5 degreein the PR beaing indicaionand asimil ar
uncertainty in the arcraft heading/yaw indication (this may be optimistic). Then 24secs.
flight at 250mph gives atravel of abou 1.66miles, which would subtend an angle
narrower than 1.0 aegreefrom aremote radar at any range greaer than ~100miles.

But aremote fixed groundradar would probably be in conflict with witnesstestimony,
which indicaes aduration d target-stationing off the left wing approaching 6 minutes.
Distanceto the radar would need to be more than abou 1400milesto keep the angular
displacement within 1.0 agreein this case, which is around 5times the maximum
unambiguous range of the ASB-9 and in the order of 10 timesthe radar horizon dstance
from the B-52 at the time of the phaography, implying arelatively powerful radar and
trapping or ducting condtions for which there is no evidence (seeSedion 6k).

It istrue that we ladk phao evidencethat the eto beaing remained constant to the same
acaracy during the entire 6 minutes. If it moved 10 degrees in this time then the emitting
radar could have been as close @ the secondtrip distanceof 140miles. And many types
of radars, such as marine radars, some weaher radars, fire-control radars or army mobile
tadicd radars, share the X-band frequency range of the ASB-9. But arguably by far the
most likely candidate for an emitter that meds all the condtions of preasely similar
frequency, puse repetition frequency and scan rate, and which also enables the edoto
remain at a cnstant beaing from amoving recever over an arbitrary period, is another
airborne ASB-9 bambing-navigation radar, presumably in ancther B-52 flying a paral el
course many tens of miles away to the NE.

Concevably, ahigh level radio duct abowve the levels smpled by radiosonde @muld cause
some aenergy to arrive via slightly longer refraded ray paths as afradionally delayed
ghost of the main signal, redeved by standard 4/3-eath radius ray paths, andit is posshble
that this could explain the dongation d the blip along the range ais of the PR, with a
fainter seaondary blip appeaing intermittently.

Thereisalso astrong dired correlation between the rate of closure of the Phase B blip on
the display and the rate of descent of the B-52 (seeSedion 7). Now, if thereisrelative
movement between the transmitting and recaving radars, and/or a fluctuating ray path
due to anomalous refradion, then the length of the ray path may change and the recever
will "seé' thisas a dhanging echo dcelay. Conceavably, therefore, a dhangein dsplayed
range wmuld be systematicdly related to the arcraft altitude.

But exhypothesi the interference display product onthe PR has an extremely sensitive
dependency onthe degreeof asynchrony in the two radars© intrinsic d edromedanicd
periodicities. The aynchrony hasto betiny in order to produce adisplay product
resembling a discrete ehoin thefirst place but in order for the dhangein its displayed
range to be overwhelmingly dominated by a dnanging length of ray path systematicdly
related to the dtitude, any underlying blip displacanent due to drift in the two antenna
rotationrates (in particular) would need to be vanishingly small, approaching
microsecond synchrony.

This ans highly unlikely, even assuming identicd radar install ations. Indeed, espedally



asuming this: The ASB-9 antennais driven by a hydraulic motor whose nominal 20
RPM rateis pedfiedinthe Tedh Order as 17.5- 22.5RPM, margins of +/- 12.3%,
leading to aposshble 25% (5RPM) disrepancy in the rotation rates of two atherwise
identica ASB-9 radars, or as much as 0.75secper 3-seandscan period. In fad the
radarscope dock in the phaos gives evidencethat this antennarotationrateis dightly
adrift from its nominal 20 RPM setting and hes an error of possbly abou 2% (see
Sedion 2and Note 3) which, if corred, would limit the total possble discrepancy to
somewhere in the range 10.5% - 14.3% depending on whether the two driftsadd a
subtrad, or abou 0.3- 0.4 secper rotation. Since &ven a discrepancy ten times as snall as
thiswould still be threeorders of magnitude too large, we shoud probably conclude that
asystematic referenceto the locd flight level is more naturally explainableif the
displayed range represents a genuine edo delay from some neaby refledor having an
approximately constant relation to the groundlevel (such amodel is developed in Sedion
7).

But several fads can be brought forward to suggest that there was ssmething unusual
abou the dedromagnetic environment. The B-52 ravigator, Pat McCaslin, recdl s that
the plane©s Eledronic Warfare officer receved unwsual responses on hs equipment
during the time that the unidentified edho was being deteded (although this does not
appea in the Blue Book dauments andis not recdled by Goduo). UHF radio
transmisson from the arcraft isalso known to have been affeded during the same period.
The posshility arises that these dedromagnetic anomali es are symptoms of a deli berate
ECM jamming exercise caried ou against the B-52 by other elements of the USAF. But
if theintentionisto simulate a @nvincing aircraft target then this deception jamming
(from an unidentified source see &so Sedion 6. was nat avery effedive spod. Also,
jamming does not simply sil enceradio transmisgons, as was described in this case, bu
fill s the frequency band with nase; and hav would it block UHF transmissons
seledively but not block UHF reception onthe same (multiple) radio sets?

Finally there is the posgbility of internal radar system noise due to comporent
degradation a something similar. There is no evidencein the fil e that any internal radar
fault was discovered, a even suspeded, either by the operators or by investigators in the
ensuing days and weeks. Thereisno spedfic record of an eledronics ched (part of the
reason for this may have been the undsmissable ground and air-visual reports aswell as
thereport of atarget onthe dedronicdly independent Minot weaher radar) but
presumably neither routine operations nor maintenance uncovered any persistent fault.

The Blue Bookinvestigation dces nevertheless £em to have mnsidered the ideathat an
eledronic fault impli cated in the UHF fail ure might somehow have caused the radar blip
(nomention d the EW equipment responses occurs in thefile), bu this was discarded
guite quickly. Col. Werlich satisified hmself that the UHF hiatus was not due to an
equipment fault - the transmisson was suddenly interrupted "in the midde of aword",

aff eding both independent UHF sets, and bdh sets worked perfedly afterwards. If the
radar blip was an internal noise trad, or remote interference, then in either case thereisa
pure mincidencewith the UHF interruption. Blue Book©s reasoning seems to have been
that it was better to seek a ammon external cause of the radar blip and the UHF
interruption, kencethe relianceon "ball li ghtning”. The logic of this positionis probably



soundeven if the explanationisn®©t.

In summary, interferencefrom ancther B-52 bambing-navigation radar may be physicdly
paossble, bu the operators had seen nahing like this before, neither had the radarscope
phaoanalysts, so presumably it must be very rare. Hypathetica propagation condtions
might help to acourt for this, bu still the combination d spedal circumstances required
isunceniably very fortuitous. Simultaneous UHF fail ure and air/ground vsua
observations add further levels of coincidence The scenario is at least very improbable.

g) balloon

The Blue Book file mentions that Lt. Marano raised the posshility of hot-air ball oors as
an explanation d the sightings. There is a'so some anbiguous referenceto "troude we
have had with ha air balloors' although the @ntext of thisremark isvery unclea. This
nation was dismissed by Col.Werlich onthe grounds of locd geography and the fad that
there were only handful of remote farmhouses in hundeds of square miles. Whether
Marano was off ering thisideato explain the radar echoes as well asthe ar- and ground
visual sightingsisnot clea, but it shoud be considered. The cpil ot©s description d the
grounced olged as an arange-glowing oval, with a"molten”, "translucent” look to it and a
greenish appendage on ore end, could (with some dfort, it hasto be said) be squared
with avery large hot-air ball oon.

Obvious objedions are the implied radar crosssedion d the "balloon' andits velocity. In
the cae of ahat air ball oonit isinteresting to speaulate that the flame and/or associated
turbulent hot air column might themselves contribute to the radar signature, and ore
might imagine the intermittent "douling" of the radar target as indicaing a mnstant echo
from the bulk of a balloonsomewhat below the B-52, supdemented with an occasional
sendary edho at slightly greder slant range when the flame generator below it is
switched on.But the height of therig implied by the displayed range differential between
"balloon" and "gondda" (order of 1000ft) would be unredistic. Andin any case balloon
envelopes are generaly not radar refledive, implying that the cnstant echowould have
to come from condictive ammporentsin the payload, with the intermittent echo at greder
displayed range being caused by the flame and hd air column rising into the envelope
abowe it. But thiswould have to mean that the rig was considerably abovethe B-520s
probable dtitude of abou 9000ft and implies that it disappeaed in frame 782 Ly
climbing out of the radiation pattern, nd by descending to the ground,which is contrary
to the reported "landing” scenario that presumably gaveriseto Lt. Marano©s hot-air
balloonspeaulationin thefirst place And aradar crosssedion comparableto alarge jet
iswhaly inconsistent with any believable ball oon payload.

Asfor relative velocity: The range rate and the aimuth rate of the Phase B echo relative
to the B-52 are very small. Winds from 320 degrees would be diredly behind the B-52,
but obviously the vedor sum of the highest likely rate of ball oonascent (say abou 15
mph) and a50-knot wind (the strongest winds at any altitude of the arcraft during the
incident, @ 20,000ft) canna remotely match the likely aircraft groundspedl. If anea
co-altitudinal ball oonfall s behind the B-52 at a plausible rate of 140 knds then duing
the 24 second Phase B phatograph sequencethe beaing to the balloonshoud drop badk



by some 30 degrees. The beaing of the radar echo changes only 1 degreebetween frames
773and 782.Therelative angular rate done seems aufficient to rule out abaloonasa
cause of the radar episode.

h) auroral ionisation

Blue Book makes only passng mention d auroral phenomena. Discussng lightning
plasmas that might cause dedricd effeds and ke deteded onradar, Quintanill a alds the
remark that "AuroraBoredisis quite often seen from Minot AFB at this time of the yea
andis an eledricd atmospheric phenomenon’, apparently implying in a vague way that
auroral phenomena might be stirred into the explanatory mix.

Auroral ionisation can refled radio waves and generally does 2 in an echo pettern that
correlates quite dosely with the visual pattern of the auroral glow, i.e. in broad swathes
and streks ganning many degrees of arc. It might in some caes cause discrete small
edhoes on some radar scopes but this ssems most unlikely in the present case. Neither of
the edioes onframes 771and 772is likely to be due to aurorasincea) neither edhoisin
the auroral quadrant and b) detedable auroral echoes at 3cm are very unlikely anyway
because the frequency dependency of auroral echoesis smilar to that of other ionisation
phenomena such as meteor trail s and li ghtning channels.

The true ranges to auroraewill be comparable to the ranges of most meteors, in the order
of hundeds of miles a low elevations (therefore multi ple trip edhoes), and the dedron
densities will be much lower than in meteor trail s. Power refledivity from ionisation fall s
off rapidly through L-band and S-band, and an X-band radar such as ASB-9 haslittl e
chance Metric wavelengths in the order of 100times the 3cm length of the ASB-9 are
favoured.

The condtionfor detedionisfurther crucially restricted by the need for the radar line of
sight to be nea perpendicular to the magnetic field lines, which generaly limits echoes to
awell-defined regionin the N scope quadrant, regardliessof where in the sky visual
auroras may be observable. The radar©s angle of elevationin thiscaseis not very high,
being under the nose of the B-52, and from a simple geometric paint of view the antenna
would be extremely poaly placel for deteding zenitha aurora streamers even if the
streamer orientation and radar wavelength were favourable.

In short, the Phase A radar echoes in the southerly scope sedors (771& 772) are dmost
catanly not auroral echoes onthe grounds of magnetic field geometry alone, and the
Phase B echois very probably not an auroral edho onthe grounds of its discreteness
strength, stability in the same gproximate locaion, and persistence d avery
unfavourable radar wavelength.

i) birds, inseds

The persistence of the Phase B echo at a40 degreebeaing from aB-52flying ona
straight heading at ~250 knds sans sufficient to rule out birds or inseds.



Could hirdsacourt for the Phase A edhoes to the right of the plane onframes 771 and
7722 Obviously asingle bird isruled ou. It isalso dfficult to conceve of two dff erent
birds ead rapidly flying in and ou of the radar cover for asingle scan, espedally given
evidencein ead echo d interna structure indicaing either avery high target rate during
the brief dwell time of the beam or an elongated target echoing areawith amajor axisin
the order of hundeds of fed (seeSedion 7).

It might be worth panting out that larger birds at ranges of just a @upe of miles could be
bright targets. In fad the inverse 4th power attenuation d echo intensity means that ona
normal PR showing airborne targets out to the limit of the display aneaby bird can be a
stronger target than a distant aircraft on the same scan, passbly deceving an
inexperienced operator. But thisisnot anormal surveill ance PA used (generaly) to
seach for targets out to long ranges. The operator isonly looking at airborne targets
inside asmall atitude "hale" whose maximum radius is never more than abou 30,000ft,
andin terms of range he is broadly spe&ing always comparing like with like. For
example, theratio of returned pover between identicd targets at 4 milesand 1milerange
inside the 5-mile Station Keegp PR display isonly 1 : 256,which is very tiny compared to
theratio of signal levels handled by atypicd groundbased surveill ance radar and
comparable to the variation in return from a single arcraft due to changing asped. By
contrast, two identicd targets at 50 miles and 1 milerangeinside a60-mile arfield
survelll ance PA would have an enormous sgnal ratio of 1: 6.25x 10"6. In the present
case an experienced radar-navigator acaistomed to the use of the ASB-9 radar for close-
range Station Keegping on refuelli ng tankers off ered the view that the Phase B echoes
indicaed atarget cross dion larger than aKC-135at comparable range. Thisis
confirmed by the opinion d the Bomb Wing intelli gence anayst based onthe radarscope
phaos.

It ispossblefor a doud d insedsto produce asignificant target, indeed the more so at
X-band than at more typicd surveill ance wavelengths. But the issues raised with regard to
bird echoes beaome even more grosdy problematic for inseds. Therefore neither of these
common sources of radar "angels' seansto be relevant onthe grounds of implied
airspead and ecdho intensity and presentation.

J) satellites

First-trip echoes from satellit es at high elevations within the unambiguous range of the
radar (67.5milesin Station Keg mode) are ruled ou by a maximum top edge main beam
coverage of only +8 degrees. In any case the speeds and trgjedories would be very
inappropriate. However the radar could in principle pick up multi ple-trip edhoes from a
distant satellite & low angles of elevation. In this case displayed tangential speeds would
be slowed and the track of a satellite in apalar orbit travelling N-S roughly perpendicular
to the radar line of sight could be distorted into a aurve or a"V" approacing and receding
from the scope centre. But there seemsto be no sensible gplicaion d the theory in this
case.

Large satellit es at this date awuld have aosssedions of hundeds of square meters, as
large & or larger than awell-aspeded hig jet. But the inverse 4th-power attenuation o



returned energy makes the dfed of distancedramaticdly noninea, andit seems
inconceavable that any satellite & likely third-trip ranges could present as an echo which
was charaderised by experienced operators and phdoanalysts as gronger than that from a
neaby B-52 a "several timesthe size of KC-135tanker".

Also, athough the goparent groundspeed indicated onthe PR would be several times
slower than the typicd ~18,000mph abital speed the average angular rate would be
preserved. Thisrate will typicdly bein the order of 100 degs/minute. The angular rate of
the persistent Phase B echois nea-zero for far toolong. The recorded angular rate over
amost half aminute islessthan abou 2 degs/minute. Thisis aready inconsistent with a
satellit e eto and testimony indicaes that a comparably low angular rate was maintained
for several minutes before the canerawas switched on.

Finally the displayed range rate of a multi ple-trip satellite eto would still be in the order
of 10009s of mph, bu phao and witnessevidence both indicae anegligible range rate
maintained for at least tens of seaonds and robably for several minutes.

In short, satellit e edoes appea to beruled ou.



