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The actual data from the NAA test were finally obtained through a FOIA 

lawsuit by Harold Weisberg and Jim Lesar and were made available online 

by researcher Pat Speer and shown here in  Table 1. 

Table 1.  Gunshot residues in paraffin casts of Lee Harvey Oswald’s hands and right 

cheek (data from FBI). Amount in micrograms per sample. 

______________________________________________________________ 

TREATMENT BARIUM ANTIMONY 

Left Hand (Inside) 3.02 0.114 

Left Hand (Outside) 0.28 0.029 

Right Hand (Inside) 6.32 0.249 

Right Hand (Outside) 0.14 0.029 

Cheek (Inside) 0.30 0.015 

Cheek (Outside) 0.97 0.012 

______________________________________________________________ 

Technically, one would need another parameter, known as the “standard 

deviation,” in order to impart significance to the differences in Table 1. But 

any experienced scientist would predict, based on the range of values in the 

table, that the difference in the amounts of antimony on the cheek are not 

significant. With these actual numbers in mind, consider the testimony of the 

FBI’s expert.   

GALLAGHER: "Barium and antimony were found on the 

cheek casts. However, when the cheek cast was 

analyzed, both surfaces of the cheek cast were 

studied. That is, the surface adjacent to the 

skin of the subject and the surface away from 

the skin of the subject, or the outside surface of 

the cast...The outside surface of this cast was 

found to contain barium and antimony -

actually more barium was found on the outside 

surface of the cast than on the inside surface." 

Q: "And as far as antimony is concerned, was 

there more on the outside than on the inside?" 

GALLAGHER: "There was slightly less antimony on the 

outside of the cast than on the inside of the 

cast." 

Q: "Do you have any explanation for the presence 

of barium and antimony on the outside of the 

cast, and as part of the same question, do you 
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experiment to test Alvarez's basic thesis. Two cameramen were positioned 

filming a passing automobile, just as Zapruder had done. A mounted camera 

was located behind the camera crew to record their reactions. As they were 

panning on the automobile, shots were fired from a gun behind them at the 

same distance that separated Zapruder and the sniper's nest in November 

1963. The cameramen were not forewarned that there would be gunfire, but  

 

               

Figure 6.2. The startle reaction is an involuntary muscular reflex most commonly 

induced by a sudden loud noise. Contraction of the neck and facial muscles causes a 

characteristic grimace. Contraction of the limb muscles causes buckling of the knees 

and folding of the arms; basically movement toward a foetal position [from Eaton 

(1984) Neural Mechanisms of Startle Behavior]. 

were instructed to keep panning on the automobile no matter what happened. 

The result was dramatic. Each of the cameramen flinched noticeably each 

time a shot was fired.
34

 Even if the startle reflex were not a well-studied 

phenomenon, the CBS experiment coupled with the fact that the Zapruder 

film does blur markedly at the instant of the fatal head shot, provides 

convincing empirical evidence that Alvarez's thesis was valid. Of course, the 

time of the head shot is not in doubt, but Alvarez reasoned that other such 

blur episodes in the film could reveal where Zapruder was startled by the 

sound of gunfire and thus provide a record of both the number and sequence 

of the other shots. The trick is to distinguish between bad focus, e.g., panning 
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Table 2.  Blur Episodes in the Zapruder Film according to three independent 

analysts. 

____________________________________________________________ 

________________________________________________________ 

The original table appears on p. 30 of the panel report. The table has been simplified 

by showing only the onset of the jiggle, the original table also included the estimated 

peak. Alvarez' selections are from his 1975 article in the American  Journal of 

Physics. 

 

horizontally. The close correlation in the three sets of data at least allows one 

to have some confidence that the results were objectively obtained, and that 

the blur episodes due to jiggle have been validly identified, whatever their 

ultimate cause. 

RELATIVE 

MAGNITUDE 

OF EPISODE 

EPISODE 

DESIGNATION 

ANALYST FRAME No. 

AT OUTSET 

 

 

Largest 

 

 

A1 

 

Alvarez 

Hartmann 

Scott 

 

 

312 

313 

313 

 

 

 

 

A2 

 

 

Alvarez 

Hartmann 

Scott 

 

 

330 

331 

331 

 

 

 

2nd Largest 

 

 

 

B 

 

Alvarez 

Hartmann 

Scott 

 

 

182 

191 

193 

 

 

3
rd

 Largest 

 

 

C 

 

Alvarez 

Hartmann 

Scott 

 

 

221 

227 

226 

 

4
th

 Largest 

 

 

D 
 

Hartmann 

Scott 

 

 

158 

158 

 

 

5
th

 Largest 

 

 

 

E 

 

Alvarez 

Hartmann 

Scott 

 

291 

290 

290 
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Figure 6.3. Hartmann and Scott’s plot of panning error in the Zapruder frames and 

corresponding events depicted in the 12 sec segment of the film [from 6 HSCA 24]. 

The very large amplitude peaks at the end of the segment (frames 330 and after) are 

interpreted as poor panning due to Zapruder being upset at the circumstances. The 

prior smaller peaks were presumptive startle reactions as enumerated in Table 2. 

Hartmann and Scott were aware of Alvarez's error in invoking a six frame 

delay for the refractory period and therefore reported Alvarez's values as read 

directly from his figure (Fig. 6.4) instead of citing his reported results. The 

only major departure between the panel and Alvarez was that Hartmann and 

Scott had found a jiggle at Z-frame 158. Like Wyckoff, Olsen and Turner, 

Alvarez had been limited in his analysis to the frames published by the 

Warren Commission and thus had not included the frames before Z-173 in 

his study. In recent years a blur analysis with these early frames included was 

conducted by Duke University physicist Michael Strocio using angular 

acceleration as did Alvarez. Strocio located the onset of this jiggle episode at 

Z-frame 152.
52

 The significance of the episode at Z-152-158 is that it 

coincides with HSCA photographic panel’s finding of Governor Connally 

swiveling his head just a split second later beginning at Z-frame 162. 

Ambiguity in this type of data arises from three obvious causes. Clearly not 

every jiggle necessarily represents a gunshot. One risks positing conspiracy 

on a hiccough. Secondly, the response of a subject to any one stimulus is 

greatly diminished if stimuli are applied in close sequence rather than in 

discretely spaced fashion. Thus, if there was a burst of gunshots fired close 

together, one would expect a strong startle response to the first with a much 

diminished response to those closely succeeding. As Alvarez remarked, the 
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Figure 6.4. Alvarez’ plot of angular acceleration of Zapruder’s camera. His 

indications (arrows) of the timing of the shots resulted from a mistaken notion that 

there would be a one-third second delay between the arrival of the sound and the 

induced startle. His actually measured camera displacements were essentially the 

same as those reported by Hartmann and Scott (see Table 2). [From Alvarez (1975) 

Amer. J. Physics 44:813]. 

analysis cannot detect two almost simultaneous shots. Thirdly, the response 

is spread out over several frames because there is about a hundred 

millisecond lag between the facial contraction and the buckling of the knees. 

The result is a sequence of blurred frames rather than a single blurred frame. 

The blur episodes are easily detected; the tricky part is determining the onset. 

For these reasons, one has to exercise some caution in the interpretation of 

the data, as one would do with any forensic test. The blur analysis is 

probably best applied as support or corroboration for the more direct filmed 

evidence, i.e. the reactions of the occupants of the limousine as detected in 

the enhanced versions of the film. And indeed, each of the four sequences 

identified by the Photographic Evidence Panel was attended by a significant 

blurring in the Zapruder film of a kind induced by a startle reflex. 
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Figure 6.6. Diagram illustrating the relationship among acoustic and ballistic events 

during the fatal episode depicted in the Zapruder film. Had the fatal shot come from 

the book depository, the shock wave and the muzzle blast would have arrived at 

Zapruder’s position some time well after bullet impact. Contrarily, if the shot 

emanated from the grassy knoll, then the arrival of the shock wave and muzzle blast 

at Zapruder’s position would have been virtually simultaneous with the bullet 

impact. Thus, the blur at Z-313 is consistent with the latter but not the former 

supposition. 
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For those whose eyes glazed over at or near the word “obelion,” Dr. Angel 

illustrated his reconstruction with a hand drawing of the skull defect and the 

recovered fragments (Fig. 8.1). To best comprehend the difference between 

the true nature of Kennedy's head wound and the official 

  

Figure 8.1. Lawrence Angel’s positioning of the skull fragments recovered in Dallas, 

most notably the “Harper” piece and the “Delta” piece. The handwritten notation at 

the upper left reads, “= position in X-ray” and to the lower right reads, “Top view 

sketch is deduced, not observed.” Note that Angel depicts the Delta piece as frontal 

bone. 

versions, one can compare Angel's report with the Baden/Dox drawing 

published by the HSCA, purporting to illustrate the dimensions and details of 

the cranial defect (Fig. 8.2). Now that the autopsy photographs and X-rays 

have been published it can be seen that the latter drawing is deceptive, 

perhaps deliberately so, on the part of the Forensic Pathology Panel and 

specifically that of its chairman, Dr. Michael Baden, who oversaw 

preparation of the illustration.
5 
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Figure 8.2. The Baden/Dox illustration. The illustration depicts the official version 

rather than the much more extensive damage seen in the autopsy films. For example, 

the deflected temporal bone (the “devil’s ear”) is not shown. The “Delta” piece 

(rightmost) is depicted as parietal bone instead of frontal bone, directly contrary to 

the expert analysis elicited by the HSCA. A bullet hole is substituted for the metal 

fragment seen in the x-rays. Worse, a bridge of bone is inserted between the entry 

point and the massive defect, making it appear that there was a through-and-through 

bullet hole in the back of the head, contrary to the autopsy films and the statements 

of the autopsy attendants. Illustration by Ida Dox. 

The first step in cataloging the mistakes in the Baden/Dox illustration is to 

note the dimensions of the massive defect on the right side of the head, the 

exit wound according to the official version. An accompanying scale used for 

the trajectory analysis by the Photographic Evidence Panel gives the distance 

from the entrance hole in the occiput to the exit hole at the right coronal 

suture as 11 cm. The official autopsy report stated 13 cm as the length of this 
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Figure 8.3. Boswell’s blood-stained autopsy notes. From front to back the 

handwritten notations appear to read: “vomer crushed,” “globe of eye,” “Fracture 

through floor,” “Falx torn from sagittal 5 cm from the Coronal suture back.” The 

vomer is the bony roof of the oral cavity; the falx is the dural covering of the 

cerebrum between the hemispheres. Within the hand drawing itself there are notes 

indicating an area “10” cm wide by “17” cm long where bone was “missing.” 

Dotted lines to the right and to the posterior left evidently demarcate the edges of the 

cranial defect. The “19 cm” seems to refer to the length of the anterior margin of the 

cranial defect which apparently continued as a fracture through the floor of the right 

orbit. Three bone islands, that is bone fragments separated from the cranium but 

adherent to the scalp are depicted, two adjacent to one another in the posterior skull, 

and a larger one on the left side with its width of “10” cm indicated. By itself at the 

bottom of the page (inset bottom right) is a drawing that matches the shape of a skull 

fragment that was recovered from Elm street in Dallas. The latter corroborates 

Boswell’s account of reconstructing the entry wound based on a notch in this 

fragment. 

bone margin creating a feature known as the "bat-wing." 
9
 The double notch 

feature was instrumental in allowing Professor Angel to orient the bony 

defects for his reconstruction (Fig. 8.1). Some researchers have mistakenly 

interpreted photograph No. 44 as representing a posterior view of the skull.
10

 

In fact, it is an anterior-superior perspective of the cranium following 

reflection of the scalp and removal of the brain. This was standard autopsy 

procedure when I performed craniotomies at the Pathology Department of 
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Figure 8.9. An illustration of the President’s brain drawn from a photograph taken 

after fixation in formalin some days after the autopsy. The obvious damage is 

confined to the right cerebral hemisphere with no apparent damage to the 

cerebellum and thus the bullet must have entered and exited high on the right side of 

the cranium. Illustration by Ida Dox. 

experience morticians tend to be more reverential than are pathologists in the 

presence of the deceased. Still, in his interview with the ARRB Robinson 

stated that there were people who had no business being there, and that there 

was continuous and loud discussion from the gallery which he thought was 

improper and distracting.
56 

 Higher ranking officers were giving orders to the 

pathologists in an apparent effort to limit the autopsy to an examination of 

the wounds and recovery of bullet evidence. There was additional pressure 

from the outside to complete the examination promptly because the family 

and other VIP's were waiting. Worst of all, the assigned doctors were desk-

bound administrators and bureaucrats whose normal duties did not include 

doing autopsies. At Bethesda, as in other large medical centers, the pathology 

residents performed the autopsies. Boswell was the chief of the laboratory 

and Humes was the head of the Pathology Department. Humes admitted in 

his ARRB interview that while he had performed many autopsies earlier in 

his career, he could not remember performing any at Bethesda.
57

 Aguilar et 

al. (2005) provide further relevant details regarding the influences that led to 
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Figure 9.2. HSCA exhibit F-377, a diagram showing the location of Governor 

Connally’s entrance wound near the right armpit. (From 2 HSCA 181). 

plausibility that a fully jacketed Mannlicher-Carcano bullet could survive  

without significantly deforming from the impacts imputed to it by the Warren 

Commission. Wecht was especially concerned that the bullet could have 

struck a bone as large as the radius without deformation.
39

 Actually, the 

bullet first shattered 10 cm of the Governor's fifth rib, and should have been 

deformed in doing so. It turns out that the U.S. Army's Weapons Testing 

Branch at Edgewood arsenal did conduct the relevant ballistic experiments 

on behalf of the Warren Commission; but the critical results, the 

determination of deformation velocities, was withheld. The Army's experts 

fired Mannlicher-Carcano ammunition into animal and human cadavers so 

that the bullets would strike rib and wrist bones. In every case the recovered 

bullets were severely deformed. The official response to these results was to 

claim that this was proof that the bullet, CE-399 had not struck the Governor 

straight on but had first been slowed by the passage through the President's 

neck. One of the Army's experts, Larry Sturdivan explained this position 

succinctly. 

"As a scientist I am totally confident that there is some point at 

which the velocity of the bullet will fall below the point at which the 

bullet will be deformed, and that is significantly above the velocity 

at which bone will be deformed. We know the mechanical 
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Table 3. Energy Dispersive X-Ray Analysis of Bullet Holes in Clothing (11/10/77) 

 
GARMENT AREA COPPER LEAD IRON 

JFK Coat 

 

Defect 

Control 

874* 

346 

478 

245 

3302** 

431 

 

 

JFK Shirt 

 

Back Defect 

Collar 

R. Front Defect 

L. Front Defect 

 

 

148 

255 

494*** 

166 

 

201 

81 

307 

139 

 

- 

- 

- 

- 

 

 

JFK Tie Nick 

Control 

231 

240 

70 

104 

- 

- 
 

* borderline - only a trace    ** Blood stain - iron present      *** borderline - only a trace 
 

GARMENT AREA COPPER LEAD IRON 

JBC Coat 

 

Sleeve Defect 

Control 

Back Defect 

Control 

Front Defect 

Control 

184 

142 

437 

327 

4529* 

9281** 

125 

143 

190 

127 

208 

106 

239 

212 

620 

305 

4833*** 

103 

 

 

JBC Shirt 

 

Front Defect 

Collar 

Back Defect 

Control 

Cuff Defect 

Control 

 

 

324 

198 

185 

193 

157 

128 

 

136 

11 

58 

0 

107 

5 

 

610 

152 

371 

162 

196 

160 

JBC Trousers Defect 

Control 

270 

230 

90 

113 

5557 

5421 
 

*  Copper present in quantity     **  Aberrant count      ***  Blood stain - iron present 

 

JBC – Repeat Analysis: date 11/15/77 
 

GARMENT AREA COPPER LEAD IRON 

 

JBC Coat 

 

Front Defect 

Above 

Below 

4532* 

550 

411 

  

 

*  Copper confirmed 

 

the Governor’s clothing, the entry holes, had amounts of lead equivalent to  

that found in the controls, meaning no detectable amount of lead, and a result 
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Figure 9.4.  A nineteenth century woodcut depicting a patient suffering from a 

bilateral contracture in flexion, the condition described by John Lattimer as 

“Thorburn’s position.” 

reacts to the release in tension by contracting to its fullest; locking into full 

flexion. This is a reflex reaction, not a voluntary brain induced response. It is 

called a "contracture in flexion." 
81

 

The nerves to the triceps muscle have their root on the spinal cord at the level 

of the seventh cervical vertebra. If the nerves of both sides are severed then 

both arms lock into flexion - Thorburn's position, or more properly, a 

bilateral contracture in flexion of the upper arms. Clinical cases involving 

this phenomenon are traceable to pressure on the nerve root at the level of C-

7; usually a bone spur or tumor. In the instances where the phenomenon is 

associated with a traumatic injury the sensory disturbance is usually traceable 

to a dislocation of the seventh cervical vertebra or a blood clot formed at that 

level.
82

 The critical point to be made is that the lesion which causes 

"Thorburn's Position" is highly localized, involving only the nerve roots and 

not the spinal cord itself. It is not symptomatic of the pervasive concussion 

that would result from a sudden, high-energy impact to the vertebra. At the 

very least, Thorburn's position requires that the innervation of the biceps 

muscle, which is at C-6, be intact.  

There are several factors that mitigate against Lattimer's hypothesis. In the 

first place, neurogenically induced reflex reactions are lost along with the 

voluntary muscle movements at the moment of spinal shock.
83

 Involuntary 

reflexes are recovered sooner, in a matter of hours, days or weeks, than are 
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torso wounds to Z-frame 190. However, Kennedy was not in a posture to 

receive the wound inflicted in his back before he disappeared behind the 

freeway sign. Dr. Cyril Wecht has made this point in lectures, articles, films, 

and most notably, in his testimony before the Assassinations Committee. 

Simply put, the wounds in Kennedy and Connally do not align with the 

sniper's nest at the point in time (Z-190) that the Assassinations Committee 

insisted was the moment they were struck by the same bullet. The foremost 

evidence for this assessment is the fact that the passage of the bullet through 

the base of President Kennedy's neck was anatomically upward, or at least, 

not downward.
87

 Very obviously this means, that if the single bullet theory is 

true, and if the bullet did originate from the southeast corner window of the 

sixth floor of the book depository, then Kennedy had to have been leaning 

forward at the time that he was struck (Fig. 9.5), or, his shoulder was already  

 

   

Figure 9.5. HSCA Exhibit II-13, the forensic pathology panel’s illustration of how an 

anatomically upward trajectory through the President’s body could have resulted 

from a bullet originating six stories above. Note that the President’s arm is not 

raised in the illustration although the Zapruder film shows that he was waving to the 

crowd on Elm Street. (Illustration by Ida Dox). 

raised, or both. Kennedy was NOT leaning forward nor was his arm raised at 

Z-frame 190, the point at which the Assassinations Committee claims he was 

struck. He was leaning forward and his arms were raised when he re-

appeared from behind the sign at Z-225. Thus, Kennedy's posture is 

consistent with the evidence that a single bullet could have struck him and 

Connally at Z-224, but not when the Assassinations Committee claimed he 

was, the critical point being that Kennedy must have assumed the necessary 
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Figure 10.1. The velocity of the limousine on Elm Street plotted from its position in 

the Zapruder film in a study by Luis Alvarez, cited by the Forensic Pathology Panel, 

which then concluded that the President’s backward motion was caused by the 

acceleration of the limousine. Actually, the opposite happened. The driver hit the 

brake and the passengers, including the President, lurched forward (from Amer. J. 

Physics 44:813). 

DEATH THROES 

The Forensic Pathology Panel cited a second reason why the President might 

have been propelled backwards. 

"The panel further recognizes the possibility of the body stiffening, 

with an upward and backward lunge, which might have resulted 

from a massive downward rush of neurologic stimuli to all efferent 

nerves. The disparity in mass and strength between the muscles 

supporting the body on the back of the spine and the muscles on the 

front surface could account, at least partially, for this type of 

motion, although it would be reasonable to expect that all muscles 

would be similarly stimulated." 
31

 

The panel seems to have confounded different neuromuscular phenomena. 

Perhaps Dr. Cyril Wecht, the panel's lone dissenting member, had the above 
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Table 5.  Energy Budget of the Gunshot to the Head 
____________________________________________________________ 

 

Kinetic Energy on impact - at 1800 ft/sec: 

K.E. = (.023)(1800)
2
/2g = 1157.1 ft-lbs          (a) 

Kinetic Energy entering brain case - at 1250 ft/sec: 

K.E. = (.023)(1250)
2
/2g = 558.0 ft-lbs          (b) 

Kinetic Energy leaving brain case - at 1150 ft/sec: 

K.E. = (.023)(1150)
2
/2g = 472.3 ft-lbs          (c) 

Kinetic Energy leaving head - at 600 ft/sec: 

K.E. = (.023)(600)
2
/2g = 128.6 ft-lbs           (d) 

____________________________________________________________ 
   g = 32.2 ft/sec

2
 

 

The next step in the analysis is somewhat less precise because of a lack of 

specific evidence on the weight of the President’s brain and head, the crucial 

parameters in the calculations. The momentum that could be derived from 

the amount of energy calculated above depends on the mass to which the 

energy is applied. The President's damaged brain at autopsy weighed 1500 

gm,
91

 One could suppose that the intact brain was at the large end of the scale 

for humans, 2000 gm (4-1/2 lb), and augment this amount with another 1-1/2 

lb of blood and brain fluid, giving a 6 lb total weight for the contents of the 

brain case. A problem with that estimate arises.  According to Air Force 

specifications for crash dummies, the adult human male head supposedly 

averages 6.9% of body weight.
92

 According to the autopsy report the 

President weighed 170 lbs,
93

 giving an 11.7 lb head. But the skull, 

musculature, organs and scalp would certainly have weighed more in 

combination than the brain and brain fluid. So either Kennedy had a 

disproportionately large head, or the Air Force underestimates human 

proportions. To cover the possibilities let us consider a range of values for a 

12 to 15 lb head containing from 5-6 lbs of brain matter and fluid.  

The formula that converts Kinetic Energy into momentum is, 

p = [2g x K.E. x m]
1/2

 

Momentum = [64.4 x 85.7 x (5-6)]
1/2

 = 166 to 182 ft-lb/sec 
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The HSCA Forensic Pathology Panel cited the jet effect, while at the same 

time characterizing the defect in the skull (as shown in the Baden/Dox 

drawing) as entirely restricted to the right top middle of the head. Obviously, 

If the vent were on the right side, then any jet effect would have driven the 

head to the left (the side opposite the vent) not backwards. But then, the 

panel's reconstruction was not accurate either. The panel falsely depicted the 

wound as smaller than it really was in order to make the dimensions of the 

wound more consistent with what would be expected from a jacketed 

military type bullet. It is now known that the President had a massive defect 

which encompassed the entire right side of the calvarium including the right 

frontal bone from about the hairline back to the occiput. Such massive but 

characteristic bursting, the Kronlein Schuss effect, means that there was a 

rupture of the containment vessel; and therefore, no jet effect. 

 

Figure 10.2. Warren Commission Exhibit 388, an illustration prepared at the 

direction of chief autopsy surgeon James Humes showing the President’s head 

wound with an entry at the base of the skull and exit through the top. The Zapruder 

film fails to show the President’s head deflected in this manner. Note that a 

“fragment” is pictured behind the eye, but not at the back of the skull. Illustration by 

H.A. Rydberg. 
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Figure 11.3. Warren Commission Exhibit Tomlinson 2. The juxtaposition of the two 

stretchers to one another, to the elevator, and to the closet as hand drawn by 

hospital engineer Darrell Tomlinson who found the magic bullet on one of the 

stretchers. 

the boy was attended in the hallway. Nurse's aide Era Lumpkin described the 

incident. 

"The doctors got ready to take Gov. Connally up to second floor to 

surgery. I left out of trauma II and went back into Maj. Surg. Near 

the nurses station. Someone brought in this baby that was all 

bloody. Mrs. Nelson said, 'Rosa, you and Era take care of that 

baby.' So Rosa took the baby and put him on a cart. We got the 

baby's clothes off, trying to determine from where the blood was 

coming. I spotted the cut on the cheek...The child was crying so 

loud, someone asked us to carry the baby in major medicine and 

set up a booth for suturing. After we got the baby around to Major 

Medicine and in a booth, the mother of the child asked how was the 

President. This Doctor said, "He is dead." It shocked me, so I 

forgot about the baby and everything else." 
52

 

This account explains why bloody sheets, a stethoscope and rubber gloves 

were on a stretcher in the hallway. The stethoscope was tentatively identified 

as belonging to the aforementioned nurse's aide, Rosa Majors, who had 
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firearms expert Robert A. Frazier testified that he received CE-399 from 

Special Agent Todd late on the night of the assassination.
74

 

 

 

Figure 11.5. The line of fire from the sniper’s nest to the grass next to the manhole 

where a bullet was allegedly found. The bullet track aligns with the position of the 

limousine at Z-frame 325. 

Thus, the chain of possession of CE-399 seems to be established, at least 

between the stretcher in Dallas and the FBI lab in Washington, except for the 

curiously late hour on Johnsen’s receipt. It is also suspicious that the FBI 

waited until June to undertake an investigation of this chain of possession. 

The problem was that the official FBI report written in December 1963 had 

contended, without elaboration, that the bullet had fallen out of the 

President's back and on to his own stretcher. Worse, press reports attributed 

to "official sources" or to the autopsy doctors themselves, indicated that the 

bullet had actually been recovered at the autopsy. These early reports suggest 

that the travails of CE-399 were less direct than one might surmise from the 

FBI report written seven months after the events in question. Subsequent 

evidence confirms these suspicions. 

Up until 1978, the time of the HSCA investigation, attendants at the autopsy 

were bound by a military gag order. Congressional investigators sought to 
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Figure 12.1. HSCA Exhibit F-138. The HSCA’s trajectory “expert” Thomas Canning 

placed the President in the middle of the back seat. He was actually seated to the 

right with his arm on the windowledge. The leftward shift does help explain how the 

exiting bullet missed Governor Connally. 

St. Martin's editorial staff noted several suspicious discrepancies. The 

trajectory report placed the exit wound in the President's head at a point 

described as 5.5 cm to the right of the midline.
14

 But, inasmuch as all of the 

medical reports had indicated that the exit was on the side of the head, this 

distance, only 2 inches, suggested that the President's head was only 4 inches 

wide − "a physically improbable and mathematically impossible head" − 

remarked the editors.
15

 Had Canning located the wound on the crown instead 

of the temple? Where did Canning get his information for the placement of 

the wounds? 

In the introduction to the Trajectory Panel Report it states that the Forensic 

Pathology Panel was responsible for providing the precise locations of the 

wounds.
16

 No mention was made of the fact that the Pathology Panel had 

recommended that the analysis not be undertaken at all. In fact, none of the 

wound locations used in Canning’s trajectory analysis are the same as the 

locations reported in the Forensic Pathology report. As mentioned, Canning 
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Furthermore, Canning had miscalculated the angle that results from the stated 

locations of the inshoot and outshoot. The report gives the distance from the 

inshoot to the outshoot as 11 centimeters. The distance from the midline for 

each wound was respectively 1.8 and 5.5 cm. Thus, the displacement 

between them, relative to the midline, was 3.7 cm. A handy theorem of 

trigonometry that makes the calculation of angles simple, is that the ratio of 

the base of a right triangle to its hypoteneuse is the sine of the angle opposite. 

The ratio of 3.7 cm to 11 cm is .336. Reference to a trigonometric table of 

angles and sines reveals that a sine of .336 corresponds to an angle of 19.6 

degrees. Canning reported 18.6 degrees.
21

 With rocket scientists like 

Canning, I would not encourage my children to become astronauts! 

 

Figure 12.2. HSCA Exhibit F-147. Canning’s illustration of the location of the 

outshoot is disproportionate with the measurements indicated in the dimension lines. 

Moreover they were inconsistent with the measurements provided by the forensic 

pathology panel. 

Another aspect of the analysis that was even more fraught with ambiguity 

was the estimate of the rotation of the President's head. In Zapruder frame 

312, taken an instant before the fatal shot, it appears that Kennedy's head was 

turned slightly to the left with respect to the camera's plane of view, but how 

far? Although Canning gave a great amount of detail as to the method by 

which this estimate was accomplished, involving a bust of the President and 

a framework of plumb-bobs and wooden dowels, he provided absolutely no 
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have to lean forward to an angle of 18 degrees in order to lower my adams-

apple by 2.4 centimeters. Recall that Kennedy's lean is locked in to a 14 

degree inclination by the previous analysis. Because I am only 5'9" my torso 

would be proportionately shorter than Kennedy's, who was six feet and one 

half inches tall.
59

 Adding the full three and a half inches (9 centimeters) for 

this height differential adjusts the distance to 57 centimeters. Kennedy would 

have to lean forward 16 degrees to achieve a 2.4 centimeter drop in the level 

of his throat wound. Even if the length was 70 centimeters he would have to 

lean forward 15 degrees to achieve a drop of 2.4 centimeters. In order to 

achieve a 2.4 centimeter lowering of the wound with a 14 degree forward 

lean, a man would have to have a distance between his waist and his adams-

apple of 81 centimeters (2-1/2 ft); a man with the proportions of Shaquille 

O’Neil might qualify (see Fig. 12.5). Because the square of the hypoteneuse 

is equal to the sum of the squares of the two sides, 

81
2
 = (81-2.4)

2
 + (base)

2
;  base = 19.6 cm 

19.6 / 81 = .2419;  [Sine 14º = .2419] 

 

Figure 12.5.  Canning’s geometry held that a forward lean of 14 degrees would 

lower his larynx by 2.4 cm (one inch). That would be true only if the President were 

over seven feet tall! Canning was “stretching” the truth. 



Chapter Twelve: Bullet Trajectory 

 447 

 

Figure 12.6. HSCA Exhibit F-144. Canning cited but then ignored a 

“stereophotogrammetric” study which placed the President’s throat wound in direct 

line with the Governors back wound, relative to the limousine. Canning slid the 

governor six inches to the left in this illustration in order to make the wounds align 

with the sniper’s nest. 

SUMMARY 

This analysis makes clear that Thomas Canning attempted to foist a falsified, 

inductive trajectory analysis on the HSCA, and thus on us, the public. His 

calculated trajectories were based on the official version that all shots came 

from the southeast corner window of the sixth floor of the book depository. 
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interestingly enough, manufactured by Western Cartridge Company 

(Winchester 5mm), was measured at 520 ppm antimony, in the same range as 

the Carcano, with the other three in the hardened range 1.7 to 2.2 percent.
55

 

No military jacketed bullets were included in the Canadian study. Guinn’s 

claim that Carcano bullets were unique from other bullets, had no basis in 

fact. But Guinn made an even more outrageous claim. In stark contrast to the 

published scientific studies which concluded that bullets of different 

manufacturers cannot be reliably separated most of the time, Guinn insisted 

that even individual Carcano bullets are unique from one another! In making 

this claim, Guinn’s report included significant departures from important 

scientific norms.  

Table 6. Bullets With Antimony Levels in the Same Range as Carcano Bullets Cited 

in Publications by Vincent P. Guinn Prior to 1978. PPM =  parts per million,  SD = 

standard deviation. 

______________________________________________________________ 

 
Manufacture Caliber PPM  ±  SD Publication 

Carcano 6.5mm 24-1219 ± nd Guinn & Nichols 

(1978) 

Winchester .32 160 ± 40 Lukens & 

Schlesinger 

(1970) 

Winchester .45 450 ± 160 “ 

Winchester 9mm 800 ± 160 “ 

Winchester 9mm 900 ± 700 “ 

Winchester .38 1100 ± nd “ 

Military .45 70 ± nd Lukens & Guinn 

(1971) 

U.S. Cartridge .38 30 ± nd “ 

Union Metallic .38 820 ± nd “ 

Remington .38 130 ± nd “ 

Western .38 440 ± nd “ 

Winchester .38 760 ± nd “ 

Crossman .22 200 ± nd ? 

_________________________________________________________ 
 

 nd = data not shown in publication;  *Guinn cited as collaborator. 

 

The testing of a scientific hypothesis requires data that is both accurate and 

precise. The difference might appear to be semantical, but they refer to two 

different aspects of the data. One might, for example, ask the mayor of Los 

Angeles how many people reside in his city. He might answer, “between two 

and three million.” That is an imprecise answer. Because a more exact 

answer might be required, one could ask the director of the census bureau the 
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Table 7. Trace Element Composition of 6.5 Mannlicher-Carcano Bullet Lead in 

parts per million. (Source: Guinn at 1 HSCA 547).  

______________________________________________________________ 
LOT – BULLET SILVER ANTIMONY 

6000 – A 11.8 ± 0.4 173 ± 3 

6000 – B  13.5 ± 0.5 261 ± 3 

6001 – A 12.2 ± 0.6 158 ± 3 

6001 – B 15.3 ± 0.5 732 ± 5 

6001 – C 8.5 ± 0.4 1218 ± 7 

6001 – D 11.6 ± 0.4 161 ± 3 

6002 – A 9.1 ± 0.4 385 ± 4 

6002 – B 9.7 ± 0.4 949 ± 6 

6002 – C 6.0 ± 0.3 24 ± 1 

6002 – D 8.3 ± 0.6 121 ± 2 

6003 – A 15.9 ± 7.9 730 ± 5 

6003 – B 7.9 ± 0.4 80 ± 2 

6003 – C 8.8 ± 0.4 464 ± 5 

6003 – D 8.7 ± 0.4 240 ± 3 

  

______________________________________________________________ 
The standard deviation is based only on the counting statistics of a single 

measurement. 

 

One suspects that Guinn was aware of the limitations of the materials he was 

working with as spelled out by the Gulf Atomic study and that a proper study 

would have made those limitations apparent. In order to forensically match 

the bullet fragments in evidence with the recovered suspect bullets three 

contingencies have to be satisified, as spelled out in the NRC report. Firstly, 

the lead cores of individual Carcano bullets must be different from one 

another in trace element concentration, at least most of the time. Otherwise, 

there would be no basis to distinguish one from another. Secondly, each such 

bullet must be internally homogenous in trace element composition, that is, 

from nose to base and from core to cortex, sub-samples must be essentially 

identical. If there were a large degree of variation within a bullet, then there 

would be overlap in the amounts among bullets and even if they were 

different on average, they would not be distinguishable. And, thirdly, the 

instrumental neutron activation analysis method has to be sufficiently 

precise, and accurate enough, to measure the slight but consistent differences 

which are supposed to exist. If any one of these three contentions are not 

true, then individual fragments would not be assignable to individual bullets. 

During his testimony, Guinn claimed that all three contingencies applied in 

the case of Carcano bullets. In fact, none of the three contentions are true. 

The proof of this was in the background data appended to Guinn's report. 
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degree of homogeneity.
60

 In light of the fact that two of the only three test 

bullets studied by Guinn were clearly not homogeneous, Guinn had no 

legitimate basis for his claim that antimony composition does not vary within  

Table 8. Homogeneity of 6.5 Mannlicher-Carcano Bullets: four specimens tested 

from each of three bullets using Neutron Activation Analysis.  (Source: Guinn at 1 

HSCA 549). 

_____________________________________________________________ 

 

LOT & SPECIMEN ANTIMONY SILVER 

6001 C 1139 ± 60 8.5 ± 0.4 

6001 C1 1062 ± 60 9.5 ± 0.4 

6001 C2 1235 ± 93 10.1 ± 0.6 

6001 C3 1156 ± 90 9.2 ± 0.5 

MEAN 1148 ± 71 9.3 ± 0.7 

   

6002 A 358 ± 47 9.1 ± 0.4 

6002 A1 983 ± 51 10.3 ± 0.3 

6002 A2 869 ± 47 9.9 ± 0.3 

6002 A3 882 ± 81 10.2 ± 0.5 

MEAN 773 ± 281 9.9 ± 0.5 

   

6003 A 667 ± 58 15.9 ± 0.5 

6003 A1 395 ± 54 9.6 ± 0.4 

6003 A2 363 ± 39 8.3 ± 0.3 

6003 A3 441 ± 51 9.8 ± 0.4 

MEAN 466 ± 137 10.9 ± 3.4 

______________________________________________________________ 
Standard deviation shown with mean values based upon the spread of the four 

individual measurements.  

 

individual Carcano bullets. How could Guinn honestly say that these bullets 

do not have a wide variation in composition when in fact the very bullets he 

tested had substantial variation? Note also the standard deviations in the 

antimony levels for the non-hardened lead bullets in Table 6 from Guinn's 

previous studies. Standard deviations from 25 to 80% of the mean values are 

the levels of variation that one would expect for scrap lead. 

One might ask, why is there such variation within a bullet? The 

aforementioned study by Randich and Grant describes the heterogeneity due 

to segregation of the elements within the lead matrix. As the metal cools the 

different trace elements segregate to different physical locations in the 

microstructure, resulting in a marbling effect, in the manner of the fudge in 

fudge-ripple ice cream, with the antimony and copper occurring in swirls or 
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has to be entirely due to the inaccuracy of the measuring method. That there 

is a certain amount of inaccuracy inherent to the NAA method, as there is in 

any method, is only to be expected. 

Table 9.- Results From INAA of Evidence Specimens at U. C. Irvine (Source: Guinn 

at 1 HSCA 538). 

______________________________________________________________ 
SPECIMEN % LEAD ANTIMONY SILVER COPPER WEIGHT 

(MG) 

CE-399 (Q1) 101 ± 4 833 ± 9 7.9 ± 1.4 58 ± 3 10.7 

CE-842 (Q9) 104 ± 2 797 ± 7 9.8 ± 0.5 994 ± 7 16.4 

CE-567 (Q2) 95 ± 2 602 ± 4 8.1 ± 0.6 40 ± 1 50.5 

CE-843 (Q4) 95 ± 2 621 ± 4 7.9 ± 0.3 40 ± 2 41.9 

CE-840 (Q14a) 94 ± 2 638 ± 4 8.6 ± 0.3 44 ± 2 33.4 

             (Q14b) 103 ± 2 647 ± 4 7.9 ± 0.5 42 ± 2 33.8 

CE-573 (Q188) 100 ± 2 17 ± 2 20.6 ± 0.6 100 ± 3 - 

CE-141 (Q8) 107 ± 2 15 ± 1 22.4 ± 1.0 22 ± 1 - 

______________________________________________________________ 
The ± values shown for Pb, Sb and Cu represent one standard deviation, based only 

on the counting statistics. For Ag, which was measured twice on each sample the ± 

value shown is 1 s.d. calculated either from the counting statistics or from the spread 

of the two values, whichever resulted in the larger s.d. value.         

 

In order to appreciate what this inaccuracy means in practical terms, consider 

Guinn's single measurement of the antimony level in the lead fragment Q9 

recovered from Governor Connally's wrist. The reported value was 797 ppm 

(Table 9). The uninitiated might well presume that this specimen therefore 

has a higher concentration of antimony than the specimen taken from Q4, a 

metal fragment from JFK's head wound, because the latter had a measured 

value of only 621 ppm. But, Guinn did not replicate either of these 

measurements. The standard deviations that Guinn reported in his tables, 

values that ranged from ± 3 ppm to ± 9 ppm were the counting errors 

associated with the precision of his radiation counter, not the standard 

deviations from experimental error that is relevant for judging the accuracy 

of the measurements. As Guinn advised during his testimony, the 

experimental errors would be much larger than the instrumental errors shown 

in the tables. Because he hadn't actually replicated the measurements, and 

thus had no measure of the true standard deviation, Guinn guesstimated that 

the true standard deviation would be about plus or minus 50 ppm.
66

 If this 

were true then the usual way of reporting such values would have been 797 ± 

50 ppm and 621 ± 50 ppm. These expressions are scientific shorthand which 

stated in lay terms means: we can be 95% certain that the true value of the 

 



Chapter Thirteen: Comparative Bullet Lead Analysis 

 475 

Table 10. Reproducibility of NAA Measurements on Two Bullet Specimens (Source: 

Guinn at 1 HSCA 548). 

______________________________________________________________ 
SPECIMEN REPLICATE ANTIMONY SILVER 

6001 B 1 621 ± 56 15.3 ± 0.5 

 2 646 ± 55 16.6 ± 0.4 

 3 646 ± 55 13.9 ± 0.4 

 4 791 ± 55 15.0 ± 0.4 

  MEAN  676 ± 78 15.2 ± 0.4 

    

6002 B 1 990 ± 60 9.7 ± 0.4 

 2 1007 ± 56 10.1 ± 0.4 

 3 942 ± 56 9.8 ± 0.4 

 4 946 ± 56 10.7 ± 0.4 

 MEAN 971 ± 32 10.1 ± 0.5 

______________________________________________________________ 

 

Connally wrist fragment is somewhere between 697 and 897 ppm antimony, 

and the Kennedy head fragment is somewhere between 521 and 721 ppm 

antimony (because two standard deviations accounts for 95 percent of the 

variation). The overlap in the values would then become apparent, and the 

lack of real difference in their composition, more obvious. Accepting Guinn's 

estimated standard deviation of plus or minus 50, one finds that the Connally 

fragment might really be as low as 697 ppm, whereas the Kennedy fragment 

might be as high as 721 ppm. Thus one cannot conclude with 95% certainty, 

the industry standard in science, that Connally's fragment has a different 

concentration of antimony than the Kennedy fragment. In fact, the 

experimental error was undoubtedly much larger than Guinn's guesstimate of 

50 ppm. After all, Guinn himself had calculated a standard deviation of plus 

or minus 78 ppm in one of the only two background samples that he had 

replicated.
67

 In hypothesis testing it is risky to claim an accuracy of plus or 

minus 50, when you've actually measured an error of plus or minus 78.
68

 If 

one uses the plus or minus 78 ppm to test the apparent differences in the 

evidence samples, instead of the dubious average, it is even more obvious 

that the NAA method is not sufficiently accurate to distinguish among these 

evidence specimens. In fact, the FBI had analyzed the same Connally 

fragment and had taken four different readings of the antimony in this 

specimen (Table 11). Their values (in ppm) were: 977, 1,090, 773, and 676.
69

 

The standard deviation from these values is 188 ppm, which is probably a 

truer estimate of the actual reliability (or inaccuracy) of the NAA method. 

Using the latter value one can see that the Kennedy fragment Q4 is less than 

one standard deviation away from the Connally fragment and therefore there 

is no scientifically valid basis for distinguishing the origin of these 
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Table 11. Results of FBI Neutron Activation Analysis of  JFK Bullet  Specimens:  

antimony in parts per million (four readings).  (Source, Guinn 1979, Anal. Chem. 

51:492A). 

______________________________________________________________ 

SAMPLE No.  1 2 3 4 

Stretcher Bullet Q1 945 1002 813 705 

Fragment from JBC Q9 977 1090 773 676 

Fragment from Car Q2 745 747 626 534 

Fragment from JFK Q 4.5 783 858 614 561 

Fragment from Rug Q14 793 879 629 562 

______________________________________________________________ 
FBI Neutron Activation Analysis Conducted by John Gallagher, Frank Dyer and 

Juel Emery at the Oak Ridge National Laboratory. The values in this table were 

calculated by Vincent P. Guinn from raw data obtained by FOIA suit by John 

Nichols.  

 

independently of one another. The values in the FBI experiments seemed to 

"co-vary", so that each specimen at each reading differed from the others by 

approximately the same proportion. This interpretation of the results is 

depicted graphically in Fig. 13.7. What this means is, that while the absolute 

values are only ballpark estimates, the measured differences between 

individual specimens within a single experiment may indeed be meaningful. 

Thus, we see that Q1 and Q9 are always close to one another although the 

actual values vary up and down, and likewise Q1 and Q9 were always about 

15% larger than Q2, Q14 and Q4. Thus, the standard statistical tests, which 

are based on the assumption of unbiased variation, may not be appropriate 

for detecting real differences in the data. Guinn, insisted that the pattern of 

covariance in the data showed a match between Q1 and Q9 (the Connally 

fragment), and a difference from the other specimens. He reiterated this in a 

paper which he published in the journal Analytical Chemistry in 1979, 

stating, 

"This conclusion was reached by examining the Sb [antimony] 

results obtained by the FBI for all the samples under all four 

conditions - but with the data for each condition compared only 

with one another, rather than intercomparing the results obtained 

for each sample under all four conditions." 
72 

To understand Guinn's argument it is necessary to review the method which 

produced the results. In neutron activation analysis each sample is placed in 
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Figure 13.6. Graphic illustration of the FBI results from measurement of antimony 

in five evidence specimens (Q-9 from CE-399). Squares are the mean values and 

bars represent the variation around the mean from the replicated measurements. 

Because of the overlap the FBI considered the results to be inconclusive with respect 

to associating fragments to particular bullets. 

an individual vial, and these vials are placed in a rack, along with vials 

containing standards; metal samples in which the elemental composition is 

known. The rack is then lowered into the heart of a nuclear reactor where it is 

bombarded by neutrons. These neutrons collide with the atoms making up 

the different elements in the samples. When removed, the samples and 

standards are slightly radioactive; activated by the reactors neutrons, and 

energized to levels that can now be measured with a radiation counter. The 

atoms in the samples radiate particles of energy as they return to their stable 

energy state; the state they were in before bombardment in the reactor. Each 

element in the specimen whether lead, copper, or antimony, radiates the 

energy at a wavelength that is characteristic for that element. The radiation 

counter can be tuned to that wavelength, just as one would tune in a 

particular channel on a radio, so that by tuning in to the antimony channel the 

strength of the signal gives a measure of the amount of energy being radiated 

at that frequency. The counts of radiation at the antimony frequency will be 

proportional to the amount of antimony present in the sample, and that 

amount can be calculated by comparing the counts of radiation produced by 

the standard sample, where the amount of antimony is known exactly. 
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Figure 13.7.  Graphic illustration of the same FBI data but with the individual 

measurements plotted by replicate date. Guinn argued that specimens Q-1 and Q-9  

co-varied with one another in a non-overlapping way from the other specimens. 

The procedure is actually a little more complicated than explained above. For 

example, the different elements are analyzed at different specific periods of 

time after activation, the optimal lags having been worked out and 

standardized by previous studies. Also, for different elements, different 

amounts of exposure in the reactor are optimal, different counting times are 

optimal, and there are different chemical separation procedures that are 

necessary to optimize the precision of the analyses for different elements. 

However, the principles of the operation should be evident. In this case, the 

FBI measured the radioactivity in the samples on the day after the activation, 

and on each of the succeeding three days, giving a total of four 

measurements for each specimen. Those are the values shown in Table 11. 

The reason for using standards in the measurement is because a nuclear flux 

is just that, the activity fluctuates. From one moment to the next the 

activation will be stronger or weaker. By including a standard specimen in 

the same treatment, one assumes that whatever the activity level is, the 

standard and the evidence specimen will receive something close to the same 

amount. To make sure that this assumption is valid, standard procedure is to 

repeat the experiment several times in order to have a measure of the 
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Table 12.    Firearms Evidence in the Tippit Murder Case: the last column shows the 

date when the FBI received the evidence from the DPD. 

______________________________________________________________ 
ITEM EXHIBIT No. PROVENANCE DATE 

.38 Special Revolver (S&W) CE-143 [C-15] Oswald 23 Nov. 1963 

.38 Special Cartridge 

(Winchester) 

CE-145 [Q-177] In Pistol 03 Dec. 1963 

. 38 Special Cartridge 

(Remington) 

CE-145 [Q-178] In Pistol 03 Dec. 1963 

.38 Special Cartridge 

(Winchester) 

CE-518 [Q-78] In Pistol 30 Nov. 1963 

.38 Special Cartridge 

(Winchester) 

CE-518 [Q-79] In Pistol 30 Nov. 1963 

.38 Special Cartridge 

(Remington) 

CE-518 [Q-80] In Pistol 30 Nov. 1963 

.38 Special Cartridge 

(Remington) 

CE-518 [Q-81] In Pistol 30 Nov. 1963 

.38 Special Cartridge 

(Winchester) 

CE-592 [Q-82] In Pocket 30 Nov. 1963 

.38 Special Cartridge 

(Winchester) 

CE-592 [Q-83] In Pocket 30 Nov. 1963 

.38 Special Cartridge 

(Winchester) 

CE-592 [Q-84] In Pocket 30 Nov. 1963 

.38 Special Cartridge 

(Winchester) 

CE-592 [Q-85] In Pocket 30 Nov. 1963 

.38 Special Cartridge 

(Winchester) 

CE-592 [Q-86] In Pocket 30 Nov. 1963 

.38 Special Casing 

(Remington) 

CE-47 [Q-74] On lawn? 30 Nov. 1963 

.38 Special Casing 

(Winchester) 

CE-48 [Q-75] On lawn? 30 Nov. 1963 

.38 Special Casing 

(Winchester) 

CE-49 [Q-76] On lawn? 30 Nov. 1963 

.38 Special Casing 

(Remington) 

CE-50 [Q-77] On lawn? 30 Nov. 1963 

. 38 Special Bullet 

(Winchester) 

CE-602 [Button] In Ambulance 23 Nov. 1963 

. 38 Special Bullet 

(Winchester) 

CE-603 [C-253] Tippit Autopsy Mar. 1964 

. 38 Special Bullet (Remington) CE-604 [C-252] Tippit Autopsy Mar. 1964 

. 38 Special Bullet 

(Winchester) 

CE-605 [C-251] Tippit Autopsy Mar. 1964 

______________________________________________________________ 
 

J.D. Tippit was shot to death in a residential neighborhood near the corner of 

Tenth and Patton streets where, according to the official account, he had 

stopped his patrol car to question a suspicious person, as it turns out, Lee 

Harvey Oswald. Witnesses reported seeing the assailant reloading his 

weapon as he ran from the scene of the shooting. Officer Joseph M. Poe, one 

of the first officers to arrive on the scene, took possession of two expended 
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On the day of the assassination J.D. Tippit was assigned to patrol district 78 

in eastern Oak Cliff. But the shooting and death of Officer Tippit did not 

occur in district 78, it occurred several miles away in district 91 in central 

Oak Cliff (Fig. 14.4). Why Tippit left his patrol area and moved to an 

unassigned area is one of the more suspicious circumstances surrounding the 

shooting. What was Tippit doing in Lee Harvey Oswald's neighborhood? The 

Warren Commission questioned several of Tippit's colleagues in an effort to 

determine why he had gone to district 91. None of Tippit's fellow officers or 

superiors could offer more than implausible speculation for his movements. 

Some suggested that he was looking for a place to eat lunch. Others thought 

he might have been responding to the call for all available units and was en 

route to Dealey Plaza.
104

 But Tippit had eaten an early lunch at home and 

Tenth and Patton was a quiet residential street, well off the main roads into 

the Dealey Plaza area from Tippit's beat. When the Warren Commission 

discovered exactly why Tippit had gone to Oswald's neighborhood it dropped 

the investigation like a hot potato. 

 

Figure 14.4. Map of central Oak Cliff showing location of key events. Oswald’s path 

shown with arrowheads. The Harlandale address was two blocks south of where  

Ewing crossed the railroad tracks. 

The FBI initially requested a transcript of all radio communications that were 

relevant to the assassination and the Tippit murder. The resulting transcript 

prepared by the Dallas police was so fragmented that it made little sense. It 
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arbitrarily assigned the assassination to the middle of this time frame giving 

an estimated onset at 12:30:12 by the Ch-2 clock.
36

 

 

Figure 16.3. HSCA Exhibit F-366, a plot of the Ch-2 dispatcher’s time notations 

against playback time of the recording. Prior to 12:30, the approximate time of the 

assassination, there was poor agreement indicating that the recorder was stopping. 

After 12:30 there was a one-to-one relationship indicating that the recording was 

continuous, probably due to the heavy radio traffic related to the crisis. 

The same analysis was then applied to the Ch-1 recording. The Dictaphone 

machine was also sound actuated. But in this case the motorcycle motor 

noise ensured that the recording was continuous. The slope of the regression 

line of the time announcements before and after the motorcycle segment 

against real elapsed time was 0.95,
37

 less than a perfect fit (Fig. 16.4). Time 

was seemingly compressed on the tape. Because the machine must have been 

recording continuously the possibility that the time was lost when the 

recorder stopped seemed unlikely. Subsequently, a study of the frequency of 

the 60 Hz background hum from the electricity powering the machine’s 

motor revealed that the hum was compressed by 5%. This indicated that the 
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police tape playback was 5% too fast.
38

 Thus, 5% must be added to the 

elapsed time in order to correct the playback time to real time. By plotting 

the regression line back to the occurrence of the putative gunfire sounds on 

the tape, the onset of the impulse patterns was calculated to occur at 12:30:47 

by the Ch-1 dispatcher's clock.
39

 The difference in timing between the two 

events as measured on the two different channels was therefore about 35 

seconds. This is well within the previously estimated potential one or two 

minute difference in synchronization between the Ch-1 and Ch-2 clocks. 

Thus, the regression time analysis
40

 supported that the cluster of suspect 

impulse patterns resembling gunshots had been recorded on the Dictabelt 

within a minute, if not exactly, at the moment that gunfire killed John F. 

Kennedy.  

 

Figure 16.4. HSCA Exhibit F-365, a plot of the dispatcher’s time notations on Ch-1 

beginning at 12:22 against playback time. The putative gunshots were found at a 

time corresponding to 12:30 to 12:31 by the dispatcher’s clock. The slope of the 

regression line is 5% too steep due to a playback speed problem. 
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Table 13.  Correlations between Impulse Patterns in six segments of the 

DPD record and Echoes from 432 test patterns. The matching microphone position 

is identified by its array and number. Arrays one and three were linear. In Array two 

the arrangement was a matrix designed to cover the intersection at Elm and 

Houston. 

______________________________________________________________ 
TIME OF 1

ST
 

IMPULSE 

MICROPHONE 

NUMBER 

RIFLE 

LOCATION 

CORRELATION 

COEFFICIENT 

136.20 sec - - All < 0.5 

    

137.70 sec 2 (5) TSBD 0.8 

“ 2 (5) TSBD 0.7 

“ 2 (6) TSBD 0.8 

“ 2 (6) Knoll 0.7 

    

139.27 sec 2 (6) TSBD 0.8 

“ 2 (6) TSBD 0.6 

“ 2 (10) TSBD 0.6 

“ 3 (5) Knoll 0.6 

    

140.32 sec 2 (11) TSBD 0.6 

    

145.15 sec* 3 (4) Knoll 0.8 

“ 3 (7) TSBD 0.7 

“ 3 (8) TSBD 0.7 

    

145.61 sec 3 (5) TSBD 0.8 

“ 3 (6) TSBD 0.8 

“ 3 (8) TSBD 0.7 

_____________________________________________________________ 
  *Subsequent analysis resets the onset of this impulse to 144.9 seconds 

 

ORDER IN THE DATA 

At this point it would be useful to take stock of what the matching procedure 

had revealed. All five of the impulse patterns on the DPD tape which had 

passed the preliminary screening tests in the laboratory had matched to 

gunshot test patterns fired in Dealey Plaza. Of course, given the large number 

of test patterns, and the acceptance of less than perfect correlations, some 

evidence patterns might be expected to match to some of the test patterns by 

chance alone. With 36 microphone positions and two shooter locations, 

discounting replication, there were 72 discrete test patterns. The scoring of a 

test comparison as a match was based on the statistically significant threshold 

of five percent probability, that is, a one in twenty chance. The matches were 
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to conclude that the police recordings contained the echoes of the 

assassination gunfire.  

 

Figure 16.5 The 36 microphone locations for acoustical tests in Dealey Plaza and 

the five where matches to the suspect sounds were obtained numbered in the order 

that they occur in the police recording. Note that the chronological sequence 

matched the topological sequence. It was the order in the data, and not just the 

matching, that led the acoustical experts to conclude that the suspect sounds were 

the assassination gunshots. 

BLAKEY’S OTHER PROBLEM 

Although five suspect patterns had matched to test shots fired in Dealey 

Plaza, by the time the final results were presented to the committee, one of 

the matches had been made to disappear. This happened because the 

acoustical evidence created an intractable problem for Robert Blakey, the 

Chief Counsel for the HSCA. It was Blakey’s job to synthesize the evidence 

from the different forensic studies into a cohesive summary. The acoustical 

evidence simply did not mesh well with the Warren Report, or the reports of 

the other forensic panels. Blakey's problem was not just that a total of five 

putative gunshots were detected by BBN's test procedures, but that these 

shots were too close together. The first three patterns had matched to test 

shots from the book depository but were only a fraction more than a second 

apart. They could not all have originated with the Mannlicher-Carcano found 
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Figure 16.6. HSCA Exhibit F-667, an oscillograph of the impulses on the DPD 

recording at 145.1 sec (Table 13) that matched to the test shot from the grassy knoll. 

The numbered impulses were the 26 that Weiss & Aschkenasy associated with echo 

producing structures in Dealey Plaza. 

impulses on the test pattern, and there was a mathematical probability that 

many could by chance. So, for the next step in the analysis, Weiss and 

Aschkenasy used amplitude as the criterion to eliminate the motor noise 

impulses, basically the same procedure used by the BBN team, except that 

they had now identified a specific impulse in the evidence pattern as the 

putative muzzle blast.
70

 Including only the large amplitude impulses, those 

loud enough to exceed a sound threshold determined by the average 

background noise, a total of 13 such loud impulses on the test pattern 

remained and 15 such impulses on the DPD recording. When the echo delay 

times were compared, eleven of the impulses were coincident to within ±1 

millisecond, giving a binary correlation coefficient of 0.79.
71

 A probability 

calculation of the odds of attaining this good a match from a chance 

assemblage of static or noise impulses was calculated to be about 5%.
72

 Thus, 

Weiss and Aschkenasy had succeeded in moving the mathematical 

probability for the grassy knoll gunshot from an anemic 50% to a robust 

95%. 

As elegant as their analysis of the grassy knoll shot had been, Weiss and 

Aschkenasy were not asked to apply their skills and expertise to the 

remaining suspect sounds. This was not just an oversight, but avoidance of 

an unwelcome prospect.  For the authorities with the HSCA the Warren 

Report’s conclusions represented the default position against which validity 
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Figure 16.7. Shock wave precedence and the geometry of sound paths used to 

calculate the muzzle velocity of the weapon on the grassy knoll. Cloud chamber 

photograph at lower left captured the shock wave emanating from the nose of a 

projectile. Arrow at upper left points at the shock wave preceding the muzzle blast on 

the DPD impulse pattern identified as the grassy knoll gunshot. 

when one examines the tables for the more muscular calibers a large 

variability appears, though most fall below the calculated range. However, 

about a dozen cartridges in the .30 caliber size fall within the calculated 

confidence limits. 

Significantly, one of the most popular sporting rifles has a muzzle velocity 

which falls within the calculated range. The .30-30 Winchester ammunition 

in standard commercial loads with a 150 grain bullet has a muzzle velocity of 

2410 feet per second. It is therefore tantalizing to recall the eyewitness 

statements that were reported at the time of the assassination. Within fifteen 

minutes of the assassination Inspector Herbert Sawyer radioed in to 



Chapter Seventeen: The Acoustics Challenged 

 623 

 

Figure 17.1. Top: The oscillograph of the test shot from the grassy knoll. Bottom: 

The oscillograph of the suspect pattern on the police dictabelt which matched to a 

test shot from the grassy knoll. The numbers show the position of corresponding 

peaks. Whereas the top plot is from a high-fidelity recording, amplitude in the 

bottom plot is distorted by the AGC. 

positive. This is formal scientific logic. There was ample supporting 

evidence for gunshots from the book depository and thus far less concern that 

these detections were false positives. Secondly, the HSCA's time and funding 

were short. That was not the fault of the acoustical experts. The only persons 

that think those additional tests were "essential" was the NRC Panel. If it is 

true that reliance on echo location and sound transmission through air is a 

dubious proposition, then such tests would be essential. And if they were 

truly essential, then why had the NRC Panel not done the tests themselves? 

The NRC Panel was constrained by neither time nor funding. If the function 

of the NRC Panel was truly to conduct an objective examination of the 

evidence to decide if the acoustical evidence was valid, then all essential tests 
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match, in correlation coefficients, at intervals of every 1/100th of a second, 

for a total of 750 coefficients.
61

 The results were apparently ambiguous. The 

NRC report only states that upon completing this comparison, it was decided 

that the analysis should be redone on the grounds that the tape they were 

using, a copy of the Ch-2 recording made by the Dallas Police, contained 

anomalies, skips and repeats.
62

  

The NRC Panel then made its own recording straight from the original 

Audograph disc and the computer comparison procedure described above 

was repeated. The best match found by the computer (Fig. 17.2) gave a cross 

correlation coefficient of only 0.5.
63

 In this case one has to consider that the 

computer is factoring in frequency data that is background noise on the two 

channels and so a perfect fit is not expected. Thus, comparison of another 

data set by the same method is instructive for testing the accuracy of the 

method. Another case of cross-talk occurs about three minutes after the 

assassination. The motorcycle cop leading the motorcade, S.Q. Bellah, had 

stopped on the Stemmons Freeway and broadcast this message over Ch-2, 

"You want me to hold this traffic on Stemmons until we find out 

something, or let it go." 
64

 

 

Figure 17.2. Peak correlation comparison of the frequencies around the Decker 

broadcast on Ch-1 and Ch-2. A peak is generated when the utterances align. In this 

comparison the peak reached nearly 0.3 against a background that averaged around 

0.1 (from Linsker et al. 2005). 

The first part of Bellah’s broadcast crossed over to Ch-1. The Bellah cross-

talk on Ch-1 thus provided a check of the computer's ability to match voice 
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patterns (Fig. 17.3). The result of Garwin's computer analysis of these two 

segments gave a robust correlation coefficient of 0.8.
65

  

 

Figure 17.3 Peak correlation comparison of the frequencies around the Bellah 

broadcast on Ch-1 and Ch-2 The peak reached nearly a value of 0.4 against a 

background that averaged around 0.1 (from Linsker et al. 2005). 

Why then did the correlation of the Decker broadcasts fail to be as high? 

Perhaps a greater amount of background noise on Ch-1 lowered the value of 

the match. If one takes a score of 0.8 to represent a perfect match, then a 

score of 0.5 is much better than it appears. The computerized voice print 

analysis demonstrated that there was a highly significant similarity in the 

frequency spectrum between the respective broadcasts. Steve Barber's 

discovery of cross-talk was thus corroborated. And, according to the NRC 

panel, the double-decker constituted conclusive evidence that the suspect 

impulse patterns on Ch-1 were not simultaneous with the assassination, but 

one minute after, and therefore could not be the sounds of the gunfire that 

killed the President.  

The irony, if not incongruity, in this development is that a broadcast by the 

Dallas County Sheriff ordering his men to search the grassy knoll area for an 

assassin, is the evidence used to counter what appeared to be scientific proof 

that there was an assassin on the grassy knoll! The panel claimed that by 

"objective" and "deterministic" evidence, the impulses occurred at least 60 

seconds after the real gunfire.
66

  

But there was more to the Double Decker problem than appeared at first 

glance. The underlying assumption is that the juxtaposition of the cross-talk 

is a reliable means of synchronizing events between the two channels. The 
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Figure 17.4. Timeline of the simulcasts (triangles) over six minute segments of Ch-1 

and Ch-2. The timeline is arbitrarily synchronized to the pair of broadcasts by Sgt. 

Bellah (B1, B2). Regardless of which cross-talk one selects as the tie point, all other 

simulcasts appear to be out of synch. The greatest asynchrony occurs if one uses the 

Decker crosstalk, the one selected by the NRC panel. 

But there was a way to make that determination. For the express purpose of 

marking the passage of time the radio protocol required the dispatchers to 

note the time whenever they made a broadcast. The BBN team had used the 

time notations in their analysis three years previously, long before the 

Double-Decker was discovered. Just as they had done for the Ch-1 recording, 

they plotted the elapsed time on the tapes against the dispatcher's time 

notations. Prior to 12:30 the slope of the regression line was a tilted 0.4. The 

linear regression analysis of the dispatcher’s time notations proves that the 

Audograph machine must have shut off for extended times prior to the 

assassination. But after 12:30, the approximate time of the shooting, the 

dispatcher's announced times and the actual elapsed time fall into very close 

agreement for the six minutes after the shooting.
71

 There did not seem to be 

any appreciable amount of time missing, and none between 12:30 and 12:32 

when the relevant broadcasts were made and where a full minute of time is 

supposed to be missing according to the NRC Panel. That is, there is exactly 

120 seconds of playback time between the dispatcher’s time notations at 

12:30 and 12:32.  

Subsequent to the publication of the article in Science & Justice criticizing 

the conclusions of the NRC panel a further study of the timeline of events on 

Ch-2 was undertaken by an independent researcher in Fresno, California 

named Michael O’Dell. O’Dell confirmed a suspicion by researcher Johann 

Rush, that a key assumption made by the NRC panel was wrong. Recall that 

the NRC panel’s timeline, based on playback of the police tape, was 

corrected for audible repeats.
72

 O’Dell and Rush discovered that the 

Audograph disc machine had a fixed stylus. Unlike a standard record 

turntable, which has a floating stylus, the fixed stylus had enough play to 
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respectively after the 12:30 time notation, suggesting that the recording is 

continuous, or at least with a negligible amount of recorder stoppage. 

 
Table 14.- Speed corrected playback time intervals between simulcasts on the Dallas 

Police recordings (in seconds). Data from O’Dell (2003) 

______________________________________________________________ 
INTERVAL CH-1 CH-2 OFFSET 

CHECK
1 
to HOLD 10 99 89 

HOLD
2
 to YOU 174 143 31 

YOU
3
 to ALL

4 
15 12 3 

YOU to ATTENTION
5 

114 90 24 

______________________________________________________________ 
1 = “I’ll check it”,  2 = “Hold everything secure”, 3 = “You want me to hold traffic 

on Stemmons”, 4 = “I’ll check all these motorcycle radios”,  5 = “Attention all 

emergency equipment.”  

 

A linear regression analysis of the time notations provides an objective 

mathematical measurement of the agreement, or lack thereof, between the 

playback time and real time, because the time notations must fall within 

successive 60 second bins, and because any long time periods between 

successive time notations must be offset by an equal number of short periods, 

which when summed will give an average of 60 seconds if playback time and 

real time are the same. The linear regression analysis measures the deviation 

between the dispatcher time intervals and the playback intervals, if any.  

The results of the regression analysis are shown at the bottom of Table 15 as 

a value called the “slope.” This is a simple straight-forward value. If there is 

a one to one agreement between any two factors, the slope is 1.0. In this 

instance there is a relatively poor fit between the raw time notations and the 

playback time, a slope value of 0.91. This is expected and predictable 

because playback time is not real time as shown by the cross-talk data in 

Table 14. For example, note that there is a 24 second offset in the time lapse 

between Bellah’s cross-talk and the simulcast by the dispatcher at 12:35. If 

one adds back the 24 seconds to the interval between the two cross-talks and 

recalculates the slope, one now finds very close agreement (0.99) between 

the playback time and actual time as indicated by the dispatcher’s time 

notations. Consider then the larger time offset that occurs between 12:30 and 

12:32, a total of 31 seconds. If that time offset was caused by an event (stylus 

displacement?) imposed on Ch-1 rather than recorder stoppage on Ch-2, then 

it could explain the apparent lack of synchrony between the gunshots and the 

assassination implied by the juxtaposition of the (HOLD) cross-talk. In fact, 

adding the time to the appropriate interval on Ch-2 in accordance with the 



Chapter Seventeen: The Acoustics Challenged 

 641 

recorder stoppage theory, throws the regression line out of whack, giving a 

slope of 1.07. What this analysis shows is that between these two alternative 

timelines, one of which posits the offsets are imposed on Ch-1, and the other 

that they are imposed on Ch-2 (recorder stoppage), the first has the best fit to 

the dispatcher’s time notations.  

Table 15.  Least squares regression of time intervals among dispatcher’s time 

notations against expected time with and without corrections for the offsets noted in 

Table 16 and as discussed in the text. All times in speed corrected playback in 

seconds. Data from O’Dell (2003). Correlation Coefficient (r) = 0.99 for all three 

regressions. 

______________________________________________________________ 
DISPATCHER 

NOTATIONS 

EXPECTED 

TIMELINE 

OBSERVED 

TIMELINE 

ALTERNATIVE 

TIMELINE 

NRC/IBM 

TIMELINE 

12:30 0 0 0 0 

12:31 60 94 94 94 

12:32 120 121 121 152 

12:34 240 213 213 244 

12:35a 300 269 293 324 

12:35b 300 300 324 355 

12:36a 360 330 354 385 

12:36b 360 362 386 417 

     

SLOPE  .91 .99 1.07 

______________________________________________________________ 

 

This analysis has to be placed in a proper perspective. The results of the 

regression analysis does not prove that there are impositions on Ch-1, only 

that such explanation is consistent with the data; a better fit than the 

assumption made by the NRC panel that all impositions are on Ch-2.  

The bottom line is that, NRC’s assumption that the cross-talk could be used 

to reliably synchronize (or show asynchrony) between events is proven false 

by the existence of the time offsets. That original assumption was salvaged 

by imposing a corollary assumption that says that the offsets can be 

explained by recorder stoppage. But that key assumption is not supported by 

any evidence, and actually is contradicted by the dispatcher’s time notations. 

This reasoning implies that the offsets were caused by some phenomena 

imposed on the Ch-1 recording.  
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Figure 17.5. Spectrogram of the bell sound on Ch-1. The internodes on the bell 

vibrate at harmonic frequencies which are multiples of the fundamental frequency, 

except for the third harmonic, the tierce note, which is characteristically a fifth 

above the expected octave. Note also the spectral peaks at X1 and X2 which are the 

60 and 120 Hz hums from the electrical power (from BBN Report 8 HSCA 111). 

juxtaposition of the Double-Decker could be the result of an overdub. That 

is, the apparent juxtaposition of the broadcast on Ch-1 could be an artifact 

caused by the imposition of a stylus displacement during the recording phase, 

or, by an over-recording during the copying phase. Barger suggested that one 

way to test for an overdub would be to analyze the 60 Hz power hum on Ch-

1 for superimpositions or discontinuities.  

In the United States the standard electrical power circuits use 60 cycle 

alternating current. Electrical motors running on this circuitry will thus 

naturally have a 60 Hertz (cycles per second) hum. Hence, sound recording 

instruments typically have quiet motors built into their design, and noise 

filters built into their circuitry, to minimize the hum. The Dictabelt recorder 

used by the Dallas Police was an A2TC communications logger which 

consisted of dual piggybacked Model 5 Time Master Dictaphones.
82

 The 

Model 5 had a DC power drive mechanism so that it would not produce a 

hum during normal function. The instrument could take input from either 100 

volt DC or 120 Volt AC power. If the input was AC the circuitry rectified the 

power to DC through a diode and capacitor which was then heavily filtered.
83
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(or none) was introduced. If so then the validity of the studies using the 

power-line hum to establish proper playback speed come into question. 

Alternatively, the power-line hum(s) may have been on the original 

Dictabelts, but the amplifiers on the playback machines may have responded 

differently. A high fidelity recorder, such as the one used by BBN would 

have faithfully recorded any hum present. But the Dictaphone amplifiers 

were voice grade, that is, only sounds between 300 and 3000 Hz were 

amplified, leaving noises as low as 60 Hz behind, if they were present. In this  

  

    

Figure 17.6. Energy spectrum of Dictabelt No. 11. The scale is expanded to expose 

detail yet there is only a barely perceptible 60 Hz peak with harmonic peaks around 

120 and 180 (far right). This evidence suggests that the police Dictaphone was 

functioning properly. The plot was made by Paul Horowitz from a playback made by 

the Cutting Corporation in 2004. 

regard, the Dictaphones had no audio output circuitry other than to the 

speakers. The playbacks had to be recorded through the air by placing the 

microphone of the recorder unit next to the speaker of the Dictaphone 

machine. One novel theory is that one of the stray 60 hz hums on the DPD 

recording could be due to another device in the room when the recording was 

made, perhaps an overhead fan.
89

 It has also been suggested that the presence 

of the 120 cycle hum, and absence of the 60 cycle hum on the FBI playback 
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could be due to their using a full wave rectifier when they made the 

recording. For the studies suggested by Barger to be meaningful, the origin 

of the hums needs to be established. More importantly, the presence of 

prominent hums on Belt 10 which are not present on the other belts suggest 

the belt is a copy and not the original.  It should be noted here that the graphs 

reproduced herein showing the powerline hums are snapshots.  That is, they 

display the energy spectrum at a specific instant of time.  The study urged by 

Barger to search for discontinuities or superimpositions of the hums has 

never been undertaken. 

 

Figure 17.7. Energy spectrum of Dictabelt No. 10 shown in a plot by Paul Horowitz. 

A very prominent 120 Hz hum is present with a barely perceptible 60 Hz hum. This 

playback of Dictabelt 10 was made by the FBI in 1981 but the 120 cycle hum is 

present on all playbacks of number ten. The presence of the stray hum suggests that 

the dictabelt in the archives may be a copy and not the original. 

The condition of Dictabelt No. 10 is now deteriorated to the point that it 

cannot be played back by the usual stylus in groove mechanism. During its 

time at the Dept. of Justice it had been stored folded and the fold is now 

cracked through (Fig. 16.1). Thus in 2004 the National Archives contracted 

with the Lawrence Livermore Laboratory at Berkeley California to see if a 

virtual playback would be feasible using optical scanning technology. 

Researcher Carl Haber of that lab has successfully used this technique to 
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obtain playbacks from the acoustical grooves in the old Edison cylinders. If 

successful the optical scan should reveal if the power-line hum is present on 

Belt 10, and the other belts.
90

  

 

Figure 17.8. Energy spectrum of a tape recording of a playback, not an original, of 

Dictabelt No. 10 made by the Dallas Police in 1964. The graph prepared by Paul 

Horowitz reveals two 60 Hz hums and two 120 Hz hums. The playback speed was set 

to match the second 60 Hz hum, thus the first 60 Hz hum, at this slower playback 

appears at the 57 Hz position and its harmonic at 115 Hz. 

Researcher Chris Scally conducted an exhaustive study
91

 of the convoluted 

chain of possession of the various recordings and his discoveries do not 

reflect well on the authorities charged with safeguarding this historical 

evidence. The souvenir hunters in the Dallas police department had copies of 

the recordings and in late 1966 police dispatcher Gerald Henslee provided a 

tape copy to author Judy Bonner.
92

 Bonner gave a copy of her copy to 

researcher Mary Ferrell. This was the recording originally provided to the 

HSCA but rejected as a poor multi-generational copy. This tape covered 

several hours of transmissions so someone, presumably Gerald Henslee, had 

spliced the successive recordings into this long version. A peculiar aspect to 

the critics copy is that the splices in the critics copy are audible and they 

occur at nine to 20 minute intervals instead of the expected 30 minutes.
93
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Table 16. Time coverage on Police Dictabelts from 22 November 1963 (from Scally 

2004). 

______________________________________________________________ 
BELT No. START TIME END TIME COVERAGE 

1 6:02 7:24 82 

2 7:24 7:58 34 

3 7:58 8:31 33 

4 8:31 9:10 39 

5 9:10 9:43 33 

6 9:43 10:18 35 

7 10:18 10:56 38 

8 10:56 11:29 33 

9 11:29 12:05 36 

10 12:05 12:40 35 

11 12:40 13:12 32 

12 13:12 13:44 32 

13 13:44 14:16 32 

“1” 14:16 14:48 32 

______________________________________________________________ 

 

The sound actuation feature ensured that the 30 minute capacity of the belt 

would be filled with transmissions; there should be no dead air on the belts. 

Thus the actual period of time covered by each belt should vary depending 

on the amount of radio traffic at that particular time of day. It is not 

surprising that Belt No. 10 would cover only 35 minutes of time (12:05 to 

12:40) because the traffic was heavy with the crisis at hand, not to mention 

the continuous open microphone broadcast. Yet curiously, with the exception 

of belt No. 1 (the first number one) all of the belts cover a roughly uniform 

amount of time: 35 minutes give or take a couple of minutes. Was there no 

dead air that morning? The transcripts show that there was. For example, FBI 

Belt No. 2 begins with a transmission at 10:10 that morning. Yet the next 

transmission is not until 10:21 indicating ten minutes of dead air. There are 

similar gaps between transmissions that morning though of shorter 5-6 

minute duration. The uniformity in time coverage among the belts appears 

artificial and thus suspicious. Until the missing belts turn up, there is no way 

of knowing how much playback time is actually on them.  

The dual numbering system, the differing start and end times, the fifteen 

minute gap, and the tell-tale splices in the tapes, indicate that a duplicate set 

of belts once existed. The artificial length in coverage and the stray power-

line hums lead one to suspect that some of the belts in the archives are 

duplicates and not the originals. If the Dictabelt analyzed for the acoustical 

studies is a copy, then the scenarios for impositions, whether deliberate or 

accidental, also multiply.  



Hear No Evil 

 658 

 

Figure 17.9. Peak correlation comparison of the frequencies surrounding the Fisher 

broadcasts by Linsker et al. (2005). The utterance occurs just to the right of the 2500 

delay marker, actually at 2603, where no significant peak arises. The graph shows a 

background averaging around 0.1 with scattered “accidental” peaks, several of 

which are greater than 0.2 and one of which reaches 0.3. 

Without actually referring to the peak as a false positive, lest the reader be 

made aware that there had been a positive result, Linsker et al. argued further 

that the PCC peak obtained was not at the “expected speed warp.” To 

understand their meaning, never fully explained in their article, some detail is 

provided here. For the purpose of testing the frequency spectrum, the correct 

speed, that is, the original recording speed is critical. This speed can be 

approximated by matching the 60 Hz AC hum from the original recording 

machines. This becomes the “expected speed warp.” In this case the warp 

was 1.08, meaning that one of the recordings was sped up by 8% so that it 

matched the speed of the other. One problem is that the hum is produced by 

the power supply, not the recording mechanism. The power supply would 

have had a steady hum, but the mechanism itself, as it aged, would have been 

more uneven producing “flutter.” The flutter was often audible. Jim Bowles 

reported, 

"It was a common experience to observe noticeable changes in 

speeds between units." 
112

 

Thus the actual speed warp at any given moment in time would be some 

small deviation from the expected, and of course this value although critical, 

is unknown. The computer overcomes this problem by comparing the two 

recordings at increments of warp. That is, beginning with the “expected” 

speed the computer then samples iteratively at one percent too fast, then one 
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23 seconds after the shooting.
10

 Hargis was riding one of the motorcycles that 

flanked the President’s limousine. A film by Orville Nix shows that Hargis 

stopped about two seconds after the head shot and parked his unit in the left 

hand lane of Elm Street about 25 ft beyond where Kennedy received the fatal 

shot. Thinking that the shots had come from the right front, Hargis 

dismounted and charged up the grassy knoll. He testified, 

"...I stopped and got off my motorcycle and ran to the right-hand 

side of the street, behind the light pole...I ran to the light post, and I 

ran up to this kind of a little wall, brick wall up there to see if I 

could get a better look on the bridge, and of course, I was looking 

all around that place by that time." 
11

 

 

Figure 18.1. The hypothesized location of McLain’s motorcycle at one second 

intervals (open dots) between where it was filmed by Robert Hughes (a) and 

photographed by Wilma Bond (c). Predicted location during each successive shot 

shown by large circles with (b) the identified location at the time of the grassy knoll 

shot. 

Encountering nothing suspicious, and perhaps recalling that his first duty was 

to the motorcade, Hargis re-crossed the street to his motorcycle. He is seen in 

the Bond photo approaching his motorcycle just as the two motorcycle 
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Figure 18.4. Plat of Dealey Plaza showing that Altgens’ right hand scope of view 

ended in line with the Dal-Tex building and does not include the area where the 

acoustics predicts the open microphone (M) to be. 

inexact and one cannot rely on their memories as providing definitive 

evidence. That is, Hughes’ guesstimate of five seconds may easily have been 

off by a few seconds at least. To frame the issue in a more exact perspective; 

at a speed of 10 mph, which equals 15 ft per second, McLain needed about 

11 seconds to reach the acoustically specified position. But at 20 mph (30 ft 

per sec) he could have covered the distance in only five and-a-half seconds, 

in accord with Hughes’ memory. Or, at speeds between 21-29 mph, McLain 

could have covered the distance in as little as 3-5 seconds. Thus, in order to 

conclude that the filmed evidence provided “concrete” proof refuting the 

acoustical evidence one would have to prove that the Hughes film was 

exposed less than a few seconds before the first shot. For the ABC 

documentary, Myers had calculated that interval as only a half second. 

But built into Myers’ reconstruction was the assumption that the grassy knoll 

shot had missed, and thus he had placed the first acoustically determined shot 

as equivalent in time to Z-160 instead of Z-175. Resetting the first shot to Z-

160 had the effect of lopping nearly a full second off of the time that McLain 

had to reach the acoustically required position.  
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Table 18. Sequence of filmed events relative to the fatal shot at Z-313  

______________________________________________________________ 
FILM FRAME EVENT TIME (seconds) 

from Z-313 

Wiegman-1 Mayor’s car turning on to Elm -3 sec 

Wiegman (+2 sec) Mayor’s car under signal -1.5 sec 

Dorman-1 Mayor’s car under signal -1.5 sec 

Dorman (+5 - 7.5 sec) Cop at corner +3 – 5.5 sec 

Zapruder 360-405 Mrs. JFK on trunk +2.5 – 5 sec 

Zapruder 448 Limo at underpass +8 sec 

Wiegman ( +10 sec) Limo at underpass +8 sec 

Wiegman (+26 sec) Hester rises +24 sec 

Bell Hester rises +24 sec 

Bell McLain passes Hargis +23 sec 

____________________________________________________________ 

 

In the aftermath of the fatal shot, President Kennedy’s wife crawled out onto 

the trunk of the limousine (Fig. 11.6), as we now realize, to retrieve a piece 

of her husband’s head. She was coaxed back into the back seat by Secret 

Service agent Clinton Hill who had raced on foot from the following car and 

climbed onto the back of the limousine. Mrs. Kennedys’ brief excursion out 

onto the trunk is depicted in the Zapruder film around 3-5 seconds after the 

fatal shot, coincidentally at the very moment that the motorcycle cop in the 

Dorman film is arriving at the intersection of Elm and Houston.     

Both patrolmen, McLain and Courson, recounted seeing the incident with 

Mrs. Kennedy and the Secret Service agent on the trunk of the car; 

understandably an event that would have stuck in their memories, even if the 

timing or sequence of events might not have. The officers had to have been 

on Elm Street to have witnessed this event. McLain’s revised version of 

events in which he claimed that he saw Mrs. Kennedy on the trunk when he 

had stopped on Houston Street half way between Main and Elm is thus 

directly contradicted by the filmed evidence. If the cop in Dorman is 

McLain, obviously he had not stopped on Houston Street, at least not at the 

time that Mrs. Kennedy was on the trunk of the car as he recalled; and if the 

cop is Courson, then McLain was even further down Elm Street because 

Courson was behind him. In this regard, Courson’s account is compelling. 

 “The limousine came to a stop and Mrs. Kennedy was on the back. 

I noticed that as I came around the corner at Elm.” 
22 

Thus, Courson’s account (not McLain’s) is consistent with the timing of 

events in the Dorman film, but only if the officer depicted is Courson. Of 
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course, no eyewitness memory can be taken as definitive. Rather it is the 

hard evidence of the films that counts. And in that regard the Dorman film 

provides another clue. If the officer in Dorman’s film is Courson, then 

McLain could only have been exactly where the acoustical evidence requires. 

That is, just ahead of the Mayor’s car as it is located at the start of the critical 

sequence of the Dorman film. 

 

Fig. 18.7. Dorman began the sequence showing the cop with a view of the Mayor’s 

car below the signal light. The x-dot shows the acoustically predicted location of the 

motorcycle at a time equivalent to just two seconds before the fatal shot at Z-313. 

The Dorman film shows only one motorcycle cop. If that cop is Courson, then 

McLain can only be ahead of the Mayor’s car just as the acoustical evidence 

required. 

In the end, the amateur films of the motorcade in Dealey Plaza are definitive 

on the acoustical evidence only to the extent that McLain’s motorcycle was 

either in exactly the right place at the right time, in the vicinity of the 

Mayor’s car, or way back in the motorcade, and no where close. Assertions 

to the contrary are based on unsupported inferences and miscalculations. The 

ABC documentary’s “concrete evidence” had feet of clay. The producers had 

relied on an expert
23

 whose only credential was a bias against conspiracy 

theories. Lost amongst the media hype and miscalculations is the simple fact 

that the filmed evidence shows that there was a motorcycle in a position on 

Houston Street before the shooting and on Elm Street after the shooting such 
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be compared to the wounding sequence of the victims and other responses 

provoked in the bystanders seen in the Zapruder film.   

The gruesome impact of the fatal shot at Zapruder frame 313 is the anchor 

point. Detailed studies of the enhanced Zapruder film revealed that Governor 

Connally's lapel flapped outward at Z-224 a split second before he overtly 

responded in anguish from being shot through the chest. Synchronization of 

Z-frame 224 with the impulse pattern acoustically identified as the second 

shot from the Texas School Book Depository and the fatal shot from the 

grassy knoll at Z-313 gives the best fit between the cinematic and acoustical 

evidence. The corresponding audio-video events are in both cases exactly 4.8 

seconds apart. Inasmuch as no other bullets impacted directly on the victims, 

synchronization of the other shots with filmed events depends on the 

reactions of the persons in the film, and on the startle reaction that induced 

the cameraman Zapruder to jiggle the camera causing blurred images. These 

times have to be inferred because such reactions have built in delays due to 

latent reaction time, bullet flight time, the speed of sound, and the distance of 

individuals from the gunman and from the gun to the microphone. Thus, the 

recorded sights and sounds will appear as slightly out-of-synch in accordance 

with these variables. Furthermore, the recording instruments themselves were 

not precision chronometric devices. For example, Zapruder’s Bell & Howell 

movie camera varied between 18 and 18.5 frames per second, according to 

the FBI.
31

 Thus over a ten second period there could be as much as a five 

frame discrepancy between the cinematic and acoustical events, even if they 

were synchronous. Within these limitations on precision, a coherent 

reconstruction does arise as shown in Table 19. In the following sections, 

each associated event and corresponding sound impulse is discussed in detail.  

 

Table 19. Synchronization of cinematic and acoustical events during the 

assassination. The anchor point, the fatal shot at Z-313, is time zero (T0).  

______________________________________________________________ 
 

AUDIO FILM 

ACOUSTICAL 

IMPULSE 

ELAPSEDa 

TAPE TIME 

TIMEb 

FROM T0 

Z-FRAME 

EQUIVA-LENT 

Z-FRAMEc 

BLUR 

Z-FILMED 

REACTIONS 

Z-FILM 

EVENT 

1 136.2 -9.1 Z-146 Z-152 Z-162-167 (A) 

2 137.7 -7.6 Z-175 Z-189 Z-194-207 (B) 

3 139.3 -5.9 Z-204 - Z-202 (C) 

4 140.3 -4.8 Z-224 Z-227 Z-224 (D) 

5 144.9 0 Z-312 Z-313 Z-313 (E) 

6 145.6 +0.7 Z-326 Z-330 - (F) 

____________________________________________________________                                                                        


