7316 - 13th Avenue N.V.
Seattle, VVashington 98107
9 Get 68

Dr, Imis Alvarez

Departrment of Fhysics

Urniversity of Califormnia at Berkeley
Berkelcy, Colifornia

Degar Sir:

I recontly read a beok which referred to your appearance

on the CBS television show about the VWarron Report. T
would very ruch appreciate your indulgence for two questions
that occurred to ne.

First, I wondered if the show accurstely represented your
nethodology snd your conclusions,

Second, I would like to lmow if therse is any ninimum time
span within which seperate shots arc not discernible by
your method. It would seem that if shots were close enough
{ogether, one wince by Ir. Zapruder would suffice for more
than one. ‘

Thenlring you in sdvance for your trouble, I remain,

Sincerely yours,

George E. Remnar
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UNIVERSITY OF CALIFORNIA

LAWRENCE RADIATION LABORATORY
BERKELEY, CALIFORNIA 94720 October 23’ 1968

Mr. George E. Rennar
7316 - 13th Avenue, N.W.
Seattle, Washington, 98107

Dear Mr. Rennar:

As you will see from the enclosed correspondence, I
have been spending too much time answering questions of the
sort you pose, so I will simply send along copies of my corre-
spondence with Dr. Menaker, and you will learn more from them
than you will if I had simply answered your two questions
directly.

For a long time, I did not answer any letters of the
type Dr. Menaker sent me, but he spoke of a number of mutual
friends we had, so I put his correspondence in a special cate-
gory, and answered it "for old times sake".

i Very Sincerely yours,

. ‘ /Czi;o; 6%%16:26225}6”1//// | i
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§‘ Luis W. Alvarez ﬁ
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5 encls. - copies of correspondence between
; Dr. Menaker and Dr. Alvarez
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Professor Iais Alvarez
Depertuent of fhysics
University or California
Berkeley, California 94704
Dear Dr. Alvarez:

You participated in the CBs ¥@rs INQUIRY, "The Warren Reportn
which was broadecast over that television network on June 23, 19387,
You snd Mr. Wyvckoff indicated that three frames of the Zapruaer film,

numbers 190, 227, and 318, were blurred,
Tresponse to three shotg he had neard,

Dr. Josiah Thompscn of Haverford Colle

5€, in his bock
onds in Dsllas", devotes Severai pages (292-295) to "A Cri
CBS Tews Docusientary 'The WVerren Rezort'h, yherein e peian

fraucs 1¢7, <10, and 331 were 8150 olurred,
Wyekolf nor the C35 commentators reniicned thesze
would, using the reasoning appliead to frames 19C, 227, andg
shots having been fired. I zam interested in Jour repi
made by Dr, Thompson,.
1

I also wonder whether there night not e &
ing which a "startle-reaction" might not be elics
such as the sound of 1 rifle-shot, s Tepeated zb
the first stimulus, Thus, if Zapruder hes
a second after the first sound {
ed with & sligzht tremble of his ari, It mizht be inte
tigate the lengin of this refractory Period ia human subg

(¢3

Welcoming your comments, I am

Very sincerely yoursg,

I

thus Pinpointing Zaprudes's

-~ ey B R R N o S, PR Y,
Trame Qlloers, wihich

vid, Indicate
-1 vy S A e
viie criticisw

reriod, cur-
stimueliug,

S

Walter ienaker, M.S.,M.D.,H.P.H.

P.S. Vhen I was g student at the U, of siinnesota, I heard
speak., I also used to dine at the tuen's dorm with

of your Dad's collearues (iana, Sanford, and Lemm 2)e I an
4

on speaking and note-vwriting terms with Robert 7, Loeb, brother o

older colleague at Berkeley, Leonard Loeb,
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UNIVERSITY O CALITORNIA

PAWRUNCE RADIATION 1T ARCRATORY

CALTFORNTA ndta Py by

b Monaeer
N ~C g . 4
PN 10040 tlroet
1 5

Fore.d Hills, Few York 13575

Pear cr.e Ponnker:

Thank you for your recoint Letleor conceriing my contritn
e C70 procram on the Viorren Reiors.  Doonce lealod throain a 2oy
Themvoon' s book, when I was in the O YL ECO ALIDOLY DOORTLO, and
T noted thot Dr. Thompsor. «id not have a very clewr idea of what I 1o
done.  ut that is not surprising, cince ! Ve oao very ab-
brevisted and highly simplified version of my obscrvations, winlci hie
repeated independently.

. \Id crolf

in two
iieve 1% is
rite books £ the sorv Dr.

I docunented my observations ani Measurcuc
letborn to ORG, totalling about 10,000 words. I
the intellisencen of the people yno
rnonLL.u, that they think comcone <
op 51 observations, that he could be a pro;c:sor of T
ing institutions in the world, could overloow coiwe vlu
-aphs, particularly whon ne appears to ve the Tirst one who had
ever attention to these vlurs, in a puostan* ra way. Of course, I
and . Wyekoff as well, looked ad ingle phobtograph vhat wan re-
produced in the Warren Report, and nov on]y made detailed measuraments of
Lhe biurs, bud in addition determined in what dircction the camers.
Leins fraversed during that particular lrame. Whot I did was fo mcasure the
lenizth of each blur, which is of cou provortional to the ansulz 1oci
of tiv optical axis of the camera oyctem. By looxin] at the bacikoround L
the photograpns preceding and followingg that ﬂart cular blurred photograph,
T could tell which way the camers had moved durin; the blur. As a resuly
of this, I could assipn the length of a blur as, for example, pilus > milli-
rebors, or minus 1.5 millinebers, where thc plus or minus signs indicave

oy
[V2¢
The

P

clonkwinn or counterclocrwisze rotaiion of the camers, a5 seen from o point
above the operator.  Faturally, Trom the point of view of the physicist, I

was not interested in the anpular velocioy of the put rathcr in
the anular acceleration, since Newton's Sccond Lew tells us that the angular
accnlvrabion of an object is proporiticnal to the torgues acting on it. (Ehe
most eommon version of Newton's Second jaw is that the acceleration is pre-
portional to the force, but this in for systems that move in a linear fashion
whercas we are dealing with a camera wihich is being moved in an angular cense
An anqular acceleration is simply the difference in the angular velocitlics,
divided by the time interval betwoen the two measurcments of angular velocity.
gince the time interval bebtween all successive frames i3 the sauwe -- aboutzs

5




The handwritten portion of Alvarez's
letter of 15 Aug 68 reads:

S0 when £waeme /sic/ blur lengths in
neighboring frameg were subxtracted,
the differences were essentially
zero, (no appreciable sudden torque
acted on the camera.
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the angular veloeitics. by makxi thin subtraction of oniilor
including the algebraic Sign, I thon cane ap with o tabie of it ro
ware proportional to the anjular accolerabion of the TIWLETL,  COrTUrDond
to a time midway botween each pair of sucerzsive frames. T thor plottc
these angular acceleration values, which could be oither paun or minug, as

a function of the frame number. The startiing thing was that there were

three "trains of pulses”, each lasting alrost exactly one second, with a

definite starting pulse, and a definite final pulce. One of theae seto

of pulses started at Frame 313, confirming the netnod, and the otiner two

started at Frames whose numbers T can't remenber, and since my orisinal

letters are at home,I won't bother with thonm. (Probably they arc the fromes

mentioned by Mr. Wyckoff in his report on 38 television.) The conclusion

I drew then, and the one with which ¥r. wyckolf agreed, was that cach zhot

set the ncuromuscular system of Mr. Zapruder into oscillation, and it ook
approximately one second for him to Gamp out the oscillations. As far as

I could tell from the photographs tnat were shown in the C3S report, Mr.

Wyckoff duplicated these trains of osciliatory pulses in his recnaciment

of the photography sequences. You will remember that there were photo- e
graphs showing two or three photographers holding Bell and Howell movie o
cameras, showing that they reacted to the shock wave of a passing bullet,

by going into a neuromuscular oscillation, with a recovery time,qf approxi- .
mately one second. {hk_kuyufﬁ4u}ﬂ&}¢4',
ol 9 i e vbiades”

A
- " " e Al

I was not able to examine pictures earlier than *he first one ,

shownn in the Warren Report, but kir. Wyckoff did 80 boadk to the Archives in A7, L7

Washington, and made similar measurcments for the zaprudar frames from 1 g -+

NI,

some of the frames did have appreciable blurs, the length of the blurs R
varied smoothly with frame number;?and simply were' a result of the fact “}ﬁﬁ“u;g.
that Mr. Zapruder was spraying his camera back and forth like a rank '
amateur photographer, rather than like the real pro he appeared to be

when he settled down to take pictures, when kr. Kennedy came into view.
Incidentally, this observation shows clearly why onc should not pay any

attention to blurs, but only in the curve showing the differcnce in blur

lengsths from-ﬁfﬁﬁtito'pﬁiﬁt. Mr. ¥yckoff then, und corrcetly I bolieve,

concluded that the oscillatory trains whicih are visible in the photo-

(raphs reproduced in the Warren Report were really due 4o some rather
dictinetive phenomenon, and not duc to the raect “hat Yr. ZJapruder had the
hiceoups, an Distriet Attorney Carricon comsented in his appraisal of the
work that Mr. Wyckoff and I did on the {ilms! (In the whole sequence of
photographs, the oscillatory pulsc trains arc concentrated into a narrow
time region, including the known time ranige in which everyone agrees that
at least two shots were fired. A physicist would say "the background was
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craontinlly sere'.)

L oeoncluded then that throe ghots, and only threo shoin wore

fivaed, and L pinpointed the times, within o very amall fraction of o
second, for each shobt.  1In adilticn to tline thres very obvious plocas
at vhich rhots weore no doubt fired, there was anotier rather wes
pilres, about half way belweoen whnt L labolod
very obvious third chel tiauw xillod 1he ent. Thic cee vothooed mo
for a long time, but [ finally cawe to whaw I belicve is a propuer cxpinna-
tion for this weoak train. Althoush the i+ photo interpresers. who t i-
fied before the Warren Commiscion, raid that there was no WY O Coulid
tell the accurate position or velocity of the car, wien the beek:round
wasn blank (urass), I found two quitn sepuratce ways to do thin, both of
which gave the same value of the car's velocity, and both showed a very
sharp chonge in velocity at just the time that the fourth weak train of
orcilliatory pulses took place. I nuzzled over this for several days,

and then I read that at about the timec of the last shot, the Secred Service
car just behind the Precident's car turned on its siren. Since no one was
very clear about exact times in this extraordinary few scconds, it occurred
to me that the siren probably came on just belore Mr. Zapruder's weak
oscillations started, and just before the driver swidenly slowed Gown.
After all, the men in the Secret Scrvice car had scen the Presidens hizt,
and it was only natural that they would have pressed the panic bution, by
startiny up the siren. Everyone who has over driven a car is tausnd to
clow down as goon as he hears a police or Tire encine siren, so it is not
difficult to imagine that the ‘driver of *tihe President's ecar irvieciately let
hir foot up on the accelerator pedal, when he heard a siren $o off tweniy-
Ffive feet Trom his ear. Actually the hard thing to understond is why the
driver of the President's car kept ~oing ot exactly a constont rate during
at least one, and I believe two shots to ithe car which he was driving. The
only thing that I can think of in .this cornection is that he wos reacting
like a circus horse, who gocos {rotiing arcund a ring, ob constan®t speed,
as the acrobats jump up on his back and turn somercaulbts. I believe that
anyona driving the President's cor would bhnve leb his foob up from the
accelerator vhen he heard o siren live tii. 5o we note that the driver
of the President's car actually slowed down abruptliy, and did not specd up
as he certoinly should have done. (Many veopld have pointed out that if
the driver had speeded up and turnci rapidly from Lolt o right, +tie Presi-

Koons of

ac the second chov, and the

dent. misght hove survived the Ffirst bullet to it him,~andmbhe last one i

probably would have missed him.) ¥Wo muss have an cxplanation of this
really extraordinary behavior on thie part of the Iresident's driver, which,
so far as I can tell, I am the only person Lo have noticed. I believe that
the siren clearly explains it, and of course it would have trigrered v,
Zapruder into oscillation, although probably not ac strongly as nhe was
trigizered into oscillation by the obvious gun shots. ALl of thege things
tic together, and I believe that I Gid come up with a consisient picture
of the whole scquence of events thab led to the angular accelerations of
Mr. Zapruder's camera, that I measured in a very straightforward way.
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Fobave ucually velradine. O

mesooremenbe Dovinde,  althown ]
moterinl of thic sort,  The main i eson
with o recearel orgnnization of the i g Sl Wyekol
works, was so that T owould not have Lo weomony 0wy Lide welting
letters of this sort -- the monkey would be on their cacik.  You can of
courae send a copv of this letbter Lo Dr. Lnompson, but T fear it will
de no oo -- in his mind I am simply an idiot who could nobh 2 some Llurs
on some photographs that he noticed alfber I had called atiention to the
rhenomenon, o if I did scc them, I did not think they were worih notirg.

Lo enitrae

P .
-t ot §

N

I hope you will not ack moe Tor copies of my two very long lctters,
which I consider to be personal correspondonce with two friend:.

I am pleased to scec that wo have come fricnds in comnon, including
some high cchool classmates, whose noames T had nob viought of in years.

Very sincerely,

-

uis W. Alvarcz

Vi

WA :am
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Professor Imis W. Alvarez
Lawrence Rndiation Laboratory
University of California
Berkeley, California 24720

AR,

Dear Dr. Alvarez:

Thank you very much for youxr sonf; and detailed letter of Aug-
ust 15, which I have read several times.

Before I send a copy of your letter on to Dr. Josiah Thowpson,
you maj wish to make a slight correction. Ou wa ce 2, 1ine ll, yvou
gpeak of Frame 313 (which is the Tamous one s
the finsa and fatel shot) when you wean rFraue
fied from the mimeogrsphed copy of ir. Wyckofs
| CBS prog ram. The others he cites are 10C and

e

I vish I knew the cxact distunce of Ir. Za
floor window of the Book Depositorv and his dig; i 5
stulatcd behind the grassy knoll. Reotter vet, HifelBnictuent
crlne with guns fired frow these poeitions at o target in the
of the President's car, while sowecne (preferably Zapruder hims
his reaction~time is being meaqured) stood where Zanruder was
time of the assassination. I suspcct that a shot Tired from the gras-
sy knoll area wight result in =z blurring of the frames of film eerlier
than the shot frowm the Depooltorj (even thoush the shot from the Depcs-
itory occurred earlier), Precise ti ming would be imverative. .and thau
is vhnat mekes wme doubt that two ascas ssing, sesarsted by &bout 100 gards
and not visible to eachoiher {nor ian rzdio cotrunication), could fire
within 0.1 second of eachother, which is what Thoupson is postuxatlng
r,,q. _
iooking forward to the receipt of syour co*rectcd letter ang.again
thanking you for the palns you have taken, I am

. - //’ Gratefully yours,
D, s ,
K . / AR |
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UNIVERSITY OF CALIFORNIA

TAWERUNSE EAMATION CARORATORY

s

WERNED EY. CAUHORNTA et R U S I PR N

Py, oL by Menakoer
th Slreet
Yoread o Llds, New York o LADTH

Poar cr. eliiker:

when T took your letter home to Jile with iy
the novnccination of President Kennedy, T ~ulled ouv o ;
and vrou-ht them in to the laboratery so that I could cup.
e them Lo you for your own usc and o that you coula cend one of tinaw
Lo P'r. JTocinh Thompson.

CONCOTILD S

vne raphs,

CHOm G

The Circt charv rhows the angular acceleration ¢f the optic
axic of . Zapruder's comera, as a function of Irame nunver, I
down in yive separate graphs. 1711 make a few comaents on notations ol
maris on dlie chart. TFirst of all vou will see that the ihree malin trains
of accelerntion impulses last for almost exactly one second each. I oddi-
tion to the threec onc-gsecond long trains on the first, sccond ana Tifth
lines, therc is the shorter and less internse trair starting about 29C that
I explained to my own satisfaction, and tokdgyou about in my last letver.
On the middle line, there are two pulses that are just "out of the noice’.
Py this T mean that there were two photographs where T thought that points
were slightly spread out, and I listcd these as minimum cignals. Thesc
are rosponsible for the two little indications of a back and forih ac-
celeration of the line of sight. {I would like to strecs that the data
{that I chow is all original raw data, and I never did anything to smocth
out any data, or go back and remcv: points that T thougint had significance
on the Tirst survey. fTherefore the two noise pulses on the middie line
are just at the minimum detectable limit, and since thnere is always noirse
in wny meacurement, I don't think they nave to be treated seriousiy.) I
am sorry that I do not have the first 170 frames available, but as I said
in my letter, Dr. Wyckoff did measure these, ana found that there were no .
approcinbic acceleration pulses, altnowsn there were of course streais aue
to a hirh anpular velocity of the camera during Mr. Zapruder's enthusiastic
panning.  (Gubtraction of the stroak length in neighboring frames gives
dgifierences oo small to measure. )

343

"

on the right-hand colwnn, it says "ecamcra turns cwld”, wnich is
physics shorthand for clockwise looking down. Wnich means that the initial
motion of Mr. Zapruder's camera was such as to move the optical axis of
his camera cuddenly towards the right, and then back to the left. This
riobion occurred in frame 313, and is of the proper sign to be coused by
\ the cshock wave from the bullet, which pacscd very close to the camera on
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Girect intoraetlion of Lhe Qe Ly
Mre Umrerader s nenremuseular romneLion., i
Secttvery cirediy odn bhie next Pow Craree s .
the Chrel reacltion was aec olis B

7
caae i Lhselie Vhis same pressure o of SOV W
a cinrersonie adrplone Slics overhend. (i the cariieor snoba, the o wvalloo
didn'b pace 2o elore to the croiera and was Lnerei'ore noit SUTOGG enoan
Lo cause whin direet intergetion. )

The two cirveles on the firot and second Llinces are my best oo
ar to when the shot was Tired -- shout 1/% of a second bafore Me. Anpriioy
neuronncewlar system went into oscillationc, Shere i: much in tho 134
that cays that the response time of the nwran neuromuscular systom Lo a third
o' a cecond, and therefore it seem: rearonable that the first reaction would
ceme about a third of a gecond after the cystem had been stimulutod. |
wiil note that the pulges are avout one third of a secona apart. ! Yor this
reason, my best guess as to the times of the three shots are approximetely
177, 217, ‘and of course 313.

I have never checked to sece whai Yr. Wyckoff said, until this very
moment, when I looked at your letter again. I see you Say that he quetbos
190 and 227, which of course are different than my ves miesses.  (Let mo
reming you again that the reason 1 asked Ciis to get someone likxe iir. wvol
to do the job, was so that I wouldn't be cpending the rest of my life writing
lettors exploaining why I thought it was one frame nwrver while somebody e
thought it was another. T still like the nwwbers I sclected better than the
ones Jr. wyckoff did, but please let's rot get into an argument about this. )

)
]
o

The Warren Commission, according to the notation 1 made on the
chart, said that the shot that they could identify came somewhere in <%he
range of frames 206 to 225. As for as T can tell this came largely from
an cxamination of Mr. Kennedy's rcaction in putting his hand to his throat.
¥ othink it is interesting that my ruggestion that it happened at frame
2U0 comes almost halfway between the two iimits set by the Warren Commission
report,

Before T leave this figm I sheuld say that I Leliove it could
b reproduced by anyone who took e trouble 4o cxamine and mearsure the
photoraphs reproduced in velumers thatl woere appended to the Warren Report.
T rhould =zay that I started out mnurﬁring cach streaik with a fine seale
ant a pair of dividers, but after T had gone about halfway througsh the
frames, o concluded that I eould o Just aboubt as well by looking: at the
streaks and assigning them an eblnated value between 1 ang 9, together
of courca with' the algebraic sign =aying which way the acceleration moved
the camera axis. I mention this only to say that a remcasurement might
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chayne Lhe megnibidoes of Lhe accolerations, but it woulu certninly not
chanre their cigns, nor change the Urame numbers at winich they occurroc.

1 didd Lhe measuroments as well an [ ocould, and as I sald curiicr I acver
chavced any nambers, and T certainily did rot go back and repoat the meosare-
mente,  For this reason, I may have made o mistake or iwo, but T «do nol
think that the general pattern of the trains of acceleration puliies can

be changzed by [urther measurements. Certainiy it 4oes absolutely no good ™
to usc a microccope or a magniflyinsg glass, since the picturces available

are all half tones, and onec can actually scc better without a mognifying
glass under those conditions. :

“he second figure shows the position of the car relative to the
background, from frames 260 to 340. I was mot interested to read the de-
tails of the testimony by the FBI photo interpretation expert, who said.
that it was absolutely impossible to tell where the car was in this perioq,
since there were no marks on the background against which to make the measure-
ments. If you look at these pictures, you will see that there was a shi?y
piecce of metal or glass on the grass, and this reflected light directly
from the sun into Mr. Zapruder's camera. As a result of this, there is a
streak in the background which one can use as a perfect reference mark,
and measure the position of the car certainly better than * 4 inches, in
real space. The curve shows that the car was going at a very uniform
speed very near to 12 miles an hour, from frame 250 to about frame 300, and
after that it again went at a very constant speed, but closer to § miles per
hour. All of the points on this graph are again original data, with no
smoothing of any sort. The fact that the line goes througn practically
the center of cach point indicates the extreme accuracy of the measurements.
At an average of about 10 miles an hour, the car moved about 15 feet per
second, or close to 1 foot per frame.. The very small scatter of the points
will convince you that I knew exactly where the car was during this whole
period, and that the sudden change in the velocity was a real thing, and
that it should be explained in some way. :

In addition to the two curves that I show here, I made a number
of others, one of which showed quite conclusively that the camera was not
running at 24 frames per sccond, as Mr. Zapruder was at one time quoted as
saying. ~ It took me several weeks to find a "clock", that would let me make
such a ctatement unequivocally. From the point of view of the physics of
the investigation I made, I got morc personal satisfaction out of that
discovery than out of anything else, since it took a good deal of observa-
tion and analytical experience, to make the deduction. I don't believe
that anyone seriously questions the camera speed any more, so it can
simply remain a bit of personally satisfying detective work that I did
on that matter. .
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ioLave uct reread your Lobuor, and om .r_«'_-al,L;[ quite astounded

thatl you would think I would chaunge my letler 1o aired with something
thal Jve Wyokof D raid. Onee a r01ﬁutxnt cornes B0 beliceve thnt hie should
enly sublich things that are the consensus of the meamurcmentc of all of
his ceienlitic nassociates or vompﬁtltork, he stops beiny; 2 sclentist.
infortebely Ioam finding that many of my young accociates feel that
they ~henld never publich anything until they have telephoned to:all of
the people they know who are doing similar experiments in this country
and abroad, to see if they are "getting the right ancwer". I am in-
tensely O}umnful to, this way of doing scicnce, and that is why T reacted
ro stronly Lo your uupbcutlon that I change something that [ stated with
come conviciion in my letter.  (Of course anyone can make typographical
errors, and had you pointed out such an error, I would have been happy
to change it. DPut the thought that I should change my personal con-
clusion because it disagrees with somethning Nr. Wyckoff said, is

absolutely shocking to me.)

Very sincerely,

Luis W. Alvarez

IWA :am '
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R T 1137

‘Berkeley, California 94720 , e 5f

"merely misspoken yourseli when you alluded to pulses starting «t Frawme

get & copy of his graph ---~ is the same as yours, I fail to see why he

‘& etimulucs., As each Frawe is 0.0055 second, it takes & Fraues to cover
" 04330 second. (But I think you overestimate the time it takes for the
“neuromuscular system to react to a startle-stimulus.) You gverloock the.

. Fromes. Thus the shots would be fired 10 to 11 Frames before the os=. . |
~cillations that begin at 181-182 and 220-22L. As I think that the neurc-
‘ sponses, as ic Frame 313. That is why I think it is high time that thoce,
.who express an interest in getting to the bottom of this thing, ought to
“der's moke-up (age, etc.), how long it takes for his haand (holding a

. the nervous system, but not & sizgle oae could answer the qucstion of |

" how long it takes for the human hand to respond to an unexpected ncise.

.4ty on the correct ancwer to this guestion,

Tel. (212)-703-C496 WALTER MENAKER, M. D.
o o 62-02 10%th Sirect
Forest iiille, W.Y.
- Octover 16, 12¢S
Professor Luis W. Alvarez ‘
Lawrence Radiztion Jaboratory
University of California

Dear Dr. Alvarcz:

- I wen plessed to get your detailed letter of Septembexr 20 afie
had been "flogrggds b§fyour surprising reply or comment (heudwritten
the bottom of my ggp.y of Scptember 12. 1In the very last paragraph ©
youre of the 20th you state that you have reread mine ot the 1%th &nd
that you interpret it as an attempt to have you change your ietver to
agree with !r. Wyckoff. I you had also rereud your rcpeated rererences
in yours of August 15 to the "oscillations" of Ir. Zapruder's ’‘neuro-
muscular system" and resliied that no one cculd believe --~ as you still
do not =-~- that frame 313 could zhow any "oscillations of Zapruder's
neuromuscular systew", yuu would aave realized tnat I thought you had

T
/ey

I
at
f

313. You now postulate that , unlike Frames 181 or 182 and 220 or 221, o |
Frame 313 is due to a shock wave. So you see my motive wasd (witheut sec~ . §
ing the graph you have now sent me) tc correct what I thought was an in- |}

vy

aedvertent misstatement Qg you or a typographical error of your secretary. if
If the graph"that Mre. Wyckoff has worked out -~ and I hope you can

ignored the starting points at 1381-182 and 220-221. You say taat you~.
assune it tekxes 1/3 second for the neuromuscular system to respoud to

‘time that sound takes to traverse about 270 feet from thé ©th floor
Depository window to Zapruder's ears --- about 1/4 second or 4 to 5

mscular response takes about 1/6 ceeQuta 3 uspaecd subtract a total of
only 7 or 2 Frames, thus putting therIf&t gwo‘éhots at Fromes B 174
‘and 213. Put [let me remind you that you have no positive proof as yet
that the oscillations at 181-182 and 220-221 are not #shock wave' re=-

.behave like scientists by pessing frowm the observatioaal stage to the
experimental stage and determine, by firing & gui near a Wal of dapru-

czmera or a pen that is poised) te respond to a loud noise, and also
to dctermine whether a shock wave shows up even if the gun is fired
slmost 100 yards away and the bullet comes no nearer than 50 yards away.
Yesterday I spoke by phone with several authorities or investigators of

.If you will use the facilities df your ovn departuent {and, if uneed be,‘
of related departments) at Berkeley, you nmay become the foremost zuthor=
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V1 to IWA 10~16-68 T

" hopes for reliable information on the actual time for a tgtartle-reactiony

ae ,*V‘ng.\vggrw.-.g\ Ta EA
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. - by -
cre wole

o e )
Luprider

viiad you and your

4oan, ot ERES “ o, . AT
tusl tine it twies fex

I shall be olad to 1<
asscertain rorwrding the o

to respond to o rifle-shot, ¢0 CeVideaced ia & LT O Lalide
I sloo weicome literature sournos ol e :
- v

Your greyh indicates that, in cetunl proc oeisz tuoe

time of the chots, you subtract caly & orasralicg {(equivelent to obout

0.16 to 0.2 sccond;. When caloliating tre time or Swame waon Weanedy
weos hit, I would sudtrect 7 or & .ac iheu ald & (for =ne t it took
the bullet to trwvel) where Framcn L20-8iL &I concoraad, s wuking

the time of the hit to be at Frave i, (e wes eowoutl 100 Jeet from
the Depository window; the velocitiy of the bullct ig ossumed to be
about twice that of sound.) ‘ e

‘ Dr. Thompson mentions that the il gad by the Tarrea Coumission
sre & copy of a copy, tnd heace &re not so clear ceg what one wizht be
sble to gmet if you were able to persluie LITD wmerzaine to lsad @
teken cdirectly of the originsl Zopruder film i their vault. He shows
exomples of each to illustrate the é¢ifference in claxrity.

r~

e

T am ceading "zerored" copien of your ictters (to we) of August 15
and September 20 (with the two charts) to Dr. Jocleh Thoupson.

With many thanks for the time end energy you have given, and with

I rewain

Gratefully yours,
’ et // e -‘.,,(}J’A“?v S
Vialter lenaker, ilele-

, o
P4




= LA\‘\’RI:'N(II‘: RADIATION LABORATORY
ERKELEY, CALIFORNIA 94720° )

Dr. Walter Menaker
§9-C9 108th Street
-Forest Hills, New York

Déar Dr;*Ménékéff_

e  Thark youlvefy{ﬁuéh‘foijbur[lateéﬁAlefter.\ﬁifm afraid tha
. we are now getting into’:the little details with which I.vowed -T-woul
~not concern myself. You will remember that T stated that the main °
reason I-asked CBS, to hire an independent consulting firm to,analyze
the ‘Tilms themselves, using the general principles I enuncizitéd in.
letters, was to avoid being questioged about:a difference ofitwo or
three frames here or there.” T e S NS
‘ I find that you have devoted more.than g page of si
typed comments concerning what I would class as minor details of timing.
I can't for the life of me understand why these should be of any interest
to anyone, but .that is for you to decide for yourself. ‘Fdfgbxample when -
you say "you overlooked the time that sound takes to traverse about 270
feet from the sixth floor depository window to Zapruder's ears" T can -
Just as well point out that you forgot to include the time the bullet. =
took to get from the depository window to the automobile. ‘If the bullet ™
were traveling close to the velocity of sound, these two things would - .
very nearly cancel out, .since the sound does not come "from the window"
but'is & shock wave that Ly L

omes from the bullet in flight.

R E £

You say "if you will use the facilities of your department ‘(and,
if" need be, of related hepartments) at Berkeléy, you may become the fore-
'most authority on the correct answer to this gquestion." Titat may very .
well be true, but I haven't the slightest interest in becoming such an ' i
authority.- S S I I T SR .
3o My reference to the one-third of a second reaction timé was -
'really not to the ‘time from the stimulus to the reaction, but really ‘to
the oscillation period of-the neuromuscular System. "Since I am not an
expert in' this field, I mixed up the definitions, . but as aphysicist I .
would simply say "the characteristic time of the neuromuscular system
is one-third of a .second.: This is typical:Vphysicist‘talkﬁgﬁandgmean
that the reuaction time is not measured in nanoseconds or microgeconds .
or milliseconds or seconds or hours or centuries or_ggns. Since phyiéfp
cists deal with times that go from approximately 10 seconds to 1077
years, it is important for them to state what the "characteristic time" i
is of any system they study. So when I implied that the characteristic .




br. Waltor Menakcr
October 23, 1968
Tage 2

time of the neuromuscular‘éystem wa.s one-thlrd of a cecond
trylrnT to upe01fy it in any more detall than that.

Av you can ‘see from my comments, I feel that our letters are* N
devencratlng into details about whether something happened intthis '
‘frame or two frames earlier or two frames later, and I really.have :
abpolutely no interest in’ ‘such a discussion. .. Perhaps if you could in-
‘dicate to, me why you consider it 1mportant,‘I ‘could get int
‘But in- the absence of such an explanatlon, I -just will have
I can't take the t1me to, answer all the detalled questlons ¥

. I w1ll comment on only one of the questlone you asked :
wondered why if I believed that the reaction in' frame 319 could be idue
_to a direct interaction:of the shock wave, the earlier frames could ‘
not have such an explanation. . If you will look at the chart I’ sent
you, you will see that the angular acceleration 1n frame 513nlseclock—,
wise looking down; and the other "first reactions" of the camera ar
counterclockwise looklng down. . Had the earlier two been in the same
‘direction, I might not have come to my stated conclusion, and would
certainly have entertained the p0551b111ty that they were due:. to
direct interaction of the shock wave with the camera. My callbratlo
point is of course the shot .at 313, ‘where the camera moved in the
direction T would have expected it to move from the interaction of g
‘¢lose-by shock wave withi the camera’ body. .(In the two earlier’ shots
. the bullets -- not the gun! -- were: farther from the camera,,so the
shoc# waves were less 1ntense ) S i . ;

Very 51ncerely yours,




124y i point gst.
Los Angeles, calir. v)U3s
October 30, 1468

Mr. George Rennar
7/3L6 13th Avenue, N.W,
Séattle, Wash, Y810/

Dear George,

Many the}nks for sending the copies of yours and lienaker's corraspon-

dence with alvarez. Again, he does not choose to deal with the crucial

question, Xkuwxwyxmxmt the possibility (to my mind, the certainty) of

additional shots fired very close to those he specifies - which he

has admitted to me would be undetectable with his method. Since the two

additional hits I posit (the 237-238 Connally shot, and the second JFK

kmat head-shot at app. 314) both are in this category, his repeated failure

to confront the implications renders meaningless his conclusion that

"eeethree shots and only three were fired..."(his letter to Menaker, &l‘IT.S 68)
. pPg

|

In his letter tc me of | 5/10/68, Alvarex said:

"This is vhat I saw in the Kennedy film--akeries of three well-
defined trains of oscillations, each lastihe approximately one second.
1 attributed these three trains -- not t e individual pulses within

a train -- to a shot. I am quite con¥inced that one cannotjuse thism
method to look at shots that come closer than 1 second, sinte then
the trains would overlap, and could not be resolved,"

In my letter to him off 5/16/68 I < aid:

"1 believe that CBS should hav e indicated to th e public that your
analysis did notjreclude more than three shots having been flired
if any two were fired within a second of each other. 1 feel sure I
am correct in assuming that you infommed them of this, am I not?"

in his distinctly testy reply of 5/23/68 he dealt with irrelevancies amd
did not answer my question. in my next letter to him \5/31/68) 1 repeated
the question as follows:

"In wy last letter, on the assumption ithat you had informed GBS of
this one-second limitation, i pointed out t:at they should have indie
cated this fact to the public. You did not respond to my request for
clarification as to whether or not my assumption wgs correct, and I
again ask for such clarification,"

_He starteds® his next (again, testy) letter of 6/8/68 with the following :

"Referring to your latest letter on thé Zapruder films, you are cer-
tainly right that the canclusion t at there were only three shots

does depend on the fact that if there had been more shots, some of
them must have occurred within one-half second of another one. 1

fail to see why CBS should have informed the public of this half-
segond time resolution, because they did not go into any ddtail at
all as to the nature of the trains of oscillations, but merely pointed
out the three times when the three shots that showed up were fiired,
1 would take your concern about the notification of the public of the
one-second limitation seriously if, when you publigh your work, yau
put in a proviso that you camot eliminate the possibility that 13
more shots were fired in a frame you designate as coinciding with a
shot. You will certainly have to agree your method has a resolution

2 .FA;‘..J
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time of apppoximately 2 frames, or 1/9 second, as contrasted with ;
Xk the half-second resolution of Wy metiod. That small difference be- :
tween our two resalutions hardly seems significant to me.," :

In my last letter to him, 6/15/68 (copy enclosed), I decided to play
Straighteman to his reductio ad absurdam, and tried once more to get
a meaningtul answer to the question. Although he has not replied, 1
now believe that CsS was not specifically informed of the limitation ==

although i am certain it wouldn*t have influenced their snow job even
had he done so.

It isn't clear,.to me whether his one-second resolution of 5/10/68,
which seems to hav%become a one-half second resolution by 6/8/68, has

now been reduced to a one~third second resolution (his letter to Menaker,
9/20/68, pg2).

Also, I note he repeatedly uses the same testiness in his letters
to Menaker as he did in mine. 1

sonality, or whether itts rese
on the assassination. opr. Alvarez protests too
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1249 i Point St.
los Angeles, Calif. 90035
June 15, 1968

pr. luis Alvarez
Lawrence Radiation Laboratory
Berkeley, Calif, 94720

Dear Dr. Alvarez:

You aayinyourhtterofmsmatyouwouldt.keuﬂ.wolymy
concern about CBS' failure to notify the public of the one-second limia=
tation in your method only if, when published, my work contains a proviso
noting that I "o « . Camnot eliminate the possibility that 13 moxe shots
were fired in a frame (I) designateas coinciding with a shot". :

Your suggestion that my finding of five hits camnot by itself estale

1ish the Tumber of shots fired is not only well taken, but is a

fact which T have recognimed from the first,and which I usually call to
the attention of interested partiss. In fact, I have long believed that
{n addition to the five hits, at least one additional shot nissed--a
shot which 1 cannot pinpoint by studying the Zapruder £ilm.

‘ But despite our agreeament that neiter of our uethods can establidh
the maximun mmbexr of shota fired, he situations are not really analas

gous as you seen to indicatds for your f£indings have been presan-
tsd,ardpresmtedbyansinmhawayastogivethepub the false
impression that the three shots you specify do in fact gent the

mam (as well as the minimam), This of caurse is a crucial determinatim,

- for it 15 well understood that no more tham three ghots, and not

as many as five, could have bean fired from the Mannlicher- .

fore, CBS' presentation of your f£indings as acientific proof that there
ware three shots and no more than three constituted an indispensable prep
to ita defense of the Warren Commission's lone~assassin theory; whereas
a disclosure by GBS that your f£indings did not establish the maxiyam
mumber of shots fired would have sexiously undermined this prop. On the

other hand, my acknowl t that the five shotw detectable by my nethed
£ix only the mindiimm Pired in no way invalidates the thesis that
the Comnission's Chree-shot lone-assassin case is untenable.

Although 1 found interesiing yous opiiifon that & CBS had no reasm
to inform the public of the limitation irposed by your method, I must
point out=-with all due respect--that the question in my letter withes
of May 31, whi.chlhndpoaodearlhronWIG.maaddresaedmt to &
matter of opinion, but to one of flact; {.e., vas CBS infomed of the
time-resolution lim:l.tation in your study (whether the one-second linitas
tion you ified in your letter of May 10, or the one=hhlf second
mtmd'gy you on June 8)?

Sincerely yours,

Raymond Marcus
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