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Ab stract Ð Q uantu m sy stem s in the tim e interval between two events, socalled two-tim e observables (T TO), are known to behave in a m anner quite
different from expectations based on initial value quantum m echanics. According to the transactional interpretation (TI) of quantum physics, wave
functions can be pictured as offer and echo waves Ð the offer wave passing
from an initial event, i, to a future event, a, and the echo wave, the com plex
conjugate of the offer wave, passing from a back in tim e toward i. TT O and
the TI have been used to explain certain quantum physical tem poral anom alies, such as non-locality, contrafactuality, and future-to-present causation
as explicitly shown in W heeler’ s delayed choice experim ent, an experim ent
wherein the history of the objects under scrutiny are not determ ined until t he
final observation. E xperim ental evidence involving neurological functioning and subjective awareness indicates the presence of the sam e anom alies.
Here I propose a m odel based on TTO and the TI wherein two neural events
are ultim ately responsible for backwards-through-tim e wave function collapse in the intervening space-tim e interval. After providing a sim ple argum ent showing how quantum physics applies to neurological functioning and a
sim ple dem onstration of how the TI and T TO explain the delayed choice
paradox, I propose that such pairs of causality-violating events m ust occur in
the brain in order t hat a single experience in consciousness take place in t he
observer. Using t his proposition I offer a quantum physical resol utio n Ð
sim ilar to that of t he delayed choice exper im ent Ð of the ª delay-and-antedatingº hypothesis/paradox put forward by Libet et al. (1979) to explain certain tem poral anom alies associated with a delay tim e, D, required for passive
perception experienced by experim ental subjects including the blocking of
sensory awareness norm ally experienced at tim e t by a cortical signal at later
tim e t + fD (0 < f £ 1) and the reversal in tim e of t he sensory awareness of t he
events corresponding to cortical and peripheral stim uli. The m odel m ay be a
first step towards t he developm ent of a quantum physical t heory of subjective
awareness and suggests t hat biological system s evolve and continue to function in accordance with TTO and consequently a causality-violating, twovalued, T I of quantum m echanics. T he m odel successfully predicts and explains Libet’ s tem poral anom alies and m akes a new prediction about t he
tim ings of passive bodily sensory experiences and im agined or phantom sensory experiences. T he predictions of the m odel are com pared with experim ental data indicating agreem ent.
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Introduction
I offer a quantum physical reso lution Ð sim ilar to that of the W heeler delayed
choice experiment in quantum physics Ð o f the ª delay-and-antedatingº hypothesis/paradox put forw ard by L ibet et al. (1979) to explain certain tem poral anom alies associated with passive perception. I propose a model w herein
two neural events cause backw ard-through-time and forw ard-through-time
neurological signaling in accordance with w ave function collapse in the intervening space-time interval. Pairs of causality-violating events m ust occur in
the brain in order that a single experience in consciousness occurs. T he m odel
offers a first step tow ards the development of a quantum physical theory of
subjective aw areness an d suggests that biological sy stems evolve and continue to function in accordance with a causality-violating, tw o-valued, transactional model of quantum mechanics. T he m odel m akes a new prediction about
the tim ings of passive bodily sensory experiences and im agined or phantom
sen sory experiences. T he predictions of the model are com pared with experim ental data indicating agreem ent and new experim ents are prop osed testing
the m odel.
In his recent book Penrose (1994) poses the paradox of the relationship of
aw areness and physical events that elicit it as follow s, ª Is there really an `actual tim e’ at w hich a conscious experience does take place, w here that particular
`time of experience’ m ust precede the tim e of any effect of a `free-willed response’ to that experience?... If consciousness... cannot be understood... without... quantum theory then it m ight... be... that... our conclusions about causality, non-locality, and contrafactuality 2 are incorrect.º P enrose believes that
there are reasons for being suspicious of our physical notions of time in relation to physics w henever quantum non-locality and conterfactuality are involved. I w ould add that the sam e thing m ust be said with regard to consciousness. H e suggests that ª if, in some manifestation of consciousness, classical
reasoning about the tem poral ordering of events leads us to a contradictory
conclusion, then this is strong indication that quantum actions are indeed at
w ork!º
In this paper w e exam ine a quantum theory of the relationship betw een the
aw areness of timings of events and their corresponding physical correlates an d
show that indeed not only are quantum actions at w ork, they are indispensable
in explaining the tem poral paradoxes inherent in the phenomena.
2
M any people believe that non-locality and contrafactuality are im possible tenets. Non-locality
refers to an action w herein two or more correlated events occur that are separated by space-time interval(s) greater than the distance traveled by light. Hence, even t hough it is not possible for one event to
act as a cause for t he other(s), the events are in definite "communication" wit h each ot her. Contrafactuality im plies that a possible history or sequence of events t hat did not occur nevertheless affects and
even changes an observed or inferred history or sequence of events.
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W hat is the problem ? In a nutshell there appears to be an innate fuzziness in
the relationship betw een physical tim e and conscious experience. T his fuzziness indicates that a precise timing of physical events marked by the apparent
aw areness of these events does not m atch a causal sequence and that at tim es
physical events eliciting aw areness take place after one becomes conscious of
them. T his has been indicated in a remarkable series of experim ents perform ed
by Benjam in L ibet and his co-w orkers at the U niversity of California S an
Francisco M edical S chool. T hey show ed that events in the brain eliciting consciou sness of passive sensory occurrences occur after the apparent aw areness
of these events and not before. T hey also hypoth esize that a specific m echanism within the brain is responsible for or associated with the projection of
these passive events both out in space (spatial referral) and back in tim e
(tem poral referral). L ibet refers to this as the delay-and-antedating hypothesis/paradox.
We shall investigate a plausible resolution of this paradox, in term s of a new
m odel of the timings of conscious experience w hich includes a specific mechanism for time order reversal, tem poral projections, and spatial projections.
M y m odel (called T T O TIM) is based on Cram er’ s transactional interpretation
(T I) (Cramer, 1986; see also C ram er, 1983) and incorporates both the T I and,
to a lesser extent, the w ork of A haronov and his co-w orkers dealing with the
properties of a quantum system betw een tw o m easurem ents called tw o-tim e
observables (T T O ) (A haronov & Vaidm an, 1990; see also A haronov et al.,
1987, Vaidman et al., 1987 and A haronov et al., 1988).
A fter exam ining L ibet’ s data and the delay and antedating hypothesis, I
offer a plausible argument showing that quantum m echanical descriptions are
relevant to neural behavior. C onsequently the brain and nervous system can
be treated as a quantum system. T his show s that mental events do correspond
with neural events through the action of the collapse of the probability field of
the quantum w ave function. Specifically, I show that the uncertainty in velocity of a presynaptic vesicle as predicted by the H eisenberg uncertainty principle com pares favorably with the required m agnitude for vesicle em ission. I
also show that vesicle w ave packets spread on a tim e scale associated with
neural conduction. T his suggests that a sudden change in probability as predicted by the change in the quantum w ave function know n as the collapse of
the w ave function is enough to m odify vesicle em ission and effect timing.
In the two-tim e observable transactional m odel: W heeler’ s delayed choice,
I show how the T T O T IM explains this w ell-know n backw ards-through-tim e
causality violation paradox and in so doing how these theories w ork. In the
brain as a delayed choice m achine I show how the link betw een mental and
neural events explains the projection of m ental events into space-tim e and
how a conscio us experience occurs if and only if two events defining a spacetim e interval occur.
In the quantum m echanics of the passive m ind, I show how tw o pairs of
events are required for perception: one of the event pairs acts as the causal
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setup and the second, acts as the finalized projection regardless of the projection/setup time order.
In the thalam us and space-tim e projection, I show how T T O T IM deals with
sensory inputs passing through the thalam us or m edial lem niscus and indicates
the origination of L ibet’ s tim e m arker signal and specific space-tim e projection m echanism .
In the space-tim e projection m echanism : evolution and experim ental data, I
discuss w hy evolution w ould allow such a seem ingly bizarre projection m echanism and its early appearance in the low er brain. T he answ er seem s to be connected with perception, evolution, and survival. I then show how the theory
predicts a slight change in otherwise simultaneously perceived stimuli from
skin and thalam us: the experience of real stim uli slightly earlier than a tim e
m arker signal to the actual skin site and phantom stim uli slightly later than a
tim e m arker signal elicited by the thalam us at the cortex.
In causality violation in sen sory and cortical stim uli experiences, I offer a
T T O T IM explanation of L ibet’ s hypothesis/paradox tem poral reversal relationship betw een the timings in cortical and skin stim uli.
T he paper concludes with a discussion of the T T O TIM prediction that phantom or projected im ages of sensations m ust becom e conscious after the arising
of the tem poral m arkers elicited at som atosensory cortex w hile ª realº external
sensory sensations m ust reach aw areness b efore the tim e markers arise. T he
fact that phantom experience is forward projected in tim e and real experience
is backw ard projected in time provides the resolution of paradoxes associated
with timing of conscious events.
Finally I ow-78 (s) -52 ( ) ]TJ˝1 0 0 1 566 1161 b3608 1111 Tm˝[ (s) -26 (o) -78 (m)
T he-105 (e) -

The Timing of Conscious E xperience

515

betw een them in another reference fram e. H ow ever, the paradox indicated by
L ibet deals with events that are tim elike separated. Because of the tim elike
character of the space-time interval betw een the events, there is no frame of
reference w here the tw o events w ould ever appear as sim ultaneous. H ence
Snyder’ s proposal failed to resolve the paradox.
I later pro posed a resolution of the paradox based on quantum physical argum ents that deal with sim ilar tem poral anom alies (Wolf, 1989). In this paper I
offer a m ore detailed m odel indicating how the T I and T T O resolve the paradox.
Penrose, in exam ining this paradox, cam e to a sim ilar conclusion that the
ordinary form of logic one u ses to deal with it tends to go w rong. ª We have to
bear in m ind how quantum system s behave and so it might be that something
funny is going on in th ese tim ings because of quantum non-locality and quantum contrafactualsº (Penrose, 1997).
T he ª delay-and-antedatingº paradox/hypothesis refers to the lag in time of
cerebral production resulting in a conscious sensory experience following a
peripheral sensation, com bined with subjective antedating of that experience.
For reasons to be explained shortly, conscious experience of external or bodily
stim uli cannot occur unless the brain has tim e to process data associated with
them. In a series of studies (L ibet et al., 1979) several subjects’ brains show ed
that neuronal adequacy w as not achieved until a significant delay tim e D as
high as 500 m secs follow ed a stim ulus. Yet th e su bjects stated that they w ere
aw are of the sensation within a few msec (10-50 msec) following the stimulation. Put briefly, how can a subject be aw are of a sensation, that is, be conscious of it, if the subject’ s brain has not registered that ª aw areness?º
T he duration of a typical peripheral stim ulus signal detected at the som atosensory cortex (SI) is actually quite long (more than 500 msec). We can
consider this signal to have tw o parts, a short onset and a long finish (see Figure 1). L ibet calls the « 50 m sec pulse width onset signal a ª time markerº but,
although it appears in SI, according to L ibet subjects are not aw are of it. In this
paper I shall refer to these tw o parts of the signal as time marker and ª caboose.º L ibet points out it is clear from other studies and from the effects of
anesthesia that during surgery even though peripheral stimuli plentifully give
rise to time-markers at SI there is no aw areness of them because the approxim ately D -20 m sec caboose is not elicited. 3
Tim e m arkers do not ordinarily occur in the cortex. In fact m ost of the tim e
cortical pro cessing takes place without them . But, if a stimulus is applied to
the body, this includes taste, sm ell, sound, touch, or vision, or if a stim ulus is
applied to a certain region of the brain within the thalamus or slightly below it
in the m edial lem niscus, ( L ) a time m arker signal is elicited at SI. It is know n
that sensory data, stim uli originating in the body, produce signals that pass
through the thalam us on their w ay to SI. It t hus appears that time markers
3
This means t hat there is no evidence of this part of the signal registering in the cortex of an anesthetized patient while there is clear evidence of time m arker presence.
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Fig. 1. The two parts of a som atosen sory cortic al signa l elic ited b y a pe ripheral stim ulus. E xternal (SS) a nd su bcortic al thalam ic (L ) signals always begin wit h a relatively sha rp pulse
(tim e marker) of app roxim a te pulse width 5 0 m sec oc curring ( « 15 m sec for SS and nea rly
im mediately fo r L) after the stimulu s is applied. T he ca bo ose part of t he SS signal consists of a larg e n egative pulse followed by a sm a lle r positive tra in and a slow ly fa lling off
ne ga tive tr ain lasting a bo ut 500 m sec.

originate in the thalam us. T his suggests that the tim e markers are associated
with som e m echanism in the thalamic region and, as I shall indicate, play a significant role in our perceptions of the w orld.
Further consideration of the tim ings of sensory stim uli and conscious perception of the stim uli show s that this paradox cannot be resolved by sim ple
causal consideration of the events. In F igure 2 w e see a display of these temporal anom alies (based on L ibet’ s data and presented by Penrose, 1989). In (a)
w e note that the onset of aw areness of a skin stim ulus occurs « 15-25 milliseconds after the stimulus is applied. T he onset of this aw areness can be associated with the time-marking fast neural signal (prim ary evoked potential) reaching the cortex within 15-25 m sec of skin stim ulus.
L ibet explains that w hat seem s to be required for apparent sensory aw areness is sufficiency of signal as determ ined by strength, polarity of signal delivered to the cortex, and length of tim e the signal is ª on.º T he sufficiency of signal strength, polarity and time determine neuronal adequacy. 4 In w hat follow s
I shall assum e that the conditions of the stim uli w herever and w henever they
are applied require the same sufficiency leading to a time-on period D (roughly 0.5 sec).
Cabooses are required to achieve neuronal adequacy as L ibet dem onstrated
4
Neuronal adequacy is not restricted to neurons in t he prim ary SI cortex. T he caboose part of the signal is widely distributed over t he cortex and often more variable in form than shown in Figure 1. However, the primary com ponent ± the tim e marker ± is relatively highly localized within the SI.

by directly stim ulating the cortex. In (b) the cortex itself is stim ulated with a
train of electrical activity. If that signal is turned off before D , the subject has
no aw areness that any signal w as even applied. But as in (c) if a cortical train
duration is over D in length the signal is perceived D after the onset of the cortical stimulus. Cortical signals are different from signals received from the
sensory body in that they do not exhibit time mar30 480.6 Tm˝[ (t) -26 (i) -52 (m) -78 (e) -6
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aw areness of peripheral stim uli does not occur until a sufficient delay tim e has
passed and neuronal adequacy has been achieved.
O ne could argue from this data that the blocking signal, in occurring after
the skin stimulus, interfered with the reception of the caboose part of the stimulus signal and thus disabled it. O ne could conclude from this that the aw areness of a stim ulus experienced by a subject must not occur near the tim e of the
stim ulus, but certainly more than 0.5D later. T hus the subject m ust be in error
in reporting that the aw areness of the skin stimulus occurred near the time of
the stim ulus.
In (e) w e have another apparent paradox. T his tim e the skin stim ulus is applied 0.25 seconds after the blocking cortical signal w hich in this case fails to
block out the skin stimulus signal. N ow the apparent perception of the tw o
signals is in the reverse tim e ord er Ð the subject experiences the skin stim ulus
a full 0.25 seconds before he experiences the cortical signal. T his experiment
w as repeated over 40 tim es with 3 different subjects and the results w ere as indicated in the figure. O ne could conclude from this that again the sub ject w as
in error.
L ibet posits that in (e) the subject antedates the aw areness of the skin stimulus (w hich only occurs after the caboose has successfully arrived at the cortex)
to the tim e m arker w hich arrives within 15 msec of the stim ulus. A ssum ing
that the caboose arrives within 500 msec the subject should actually experience aw areness of the skin stim ulus 0.75 sec after the onset of the cortical signal. T hus, it w ould appear, he w ould then project this experience backw ard in
time, possibly in short-term m em ory, and then report the skin stim ulus as having occurred before the delayed cortical stim ulus.
L ibet hypothesizes that a peripheral sensory input elicits a time m arker signal and w hen neuronal adequacy is achieved the subject refers this conscious
experience backw ard in tim e to the tim e m arker rather than consciously experiencing the stim uli at the onset of neuronal adequacy. He further posits that if
a stim ulus does not elicit a tim e marker then no such backw ard through tim e
referral is m ade. H is experim ents confirm his hypothesis.
In Figure 3 w e see com parisons of four different experiments involving relative tim ings for stimulus of the m edial lem niscus ( L, ellipse symbol), the som atosensory cortex ( C , circle symbol), and the skin ( SS, square sym bol). Both
SS and L signals elicit a prim ary evoked response in the som atosensory cortex
and hence each has a time marker signal present. O n the other hand C stim uli
elicit no such evoked response and do not show any tim e m arkers. In F igure 4
w e see roughly w here the thalam us lies with respect to the cortex.
In Figure 3(a), an SS w as applie d about 0.5D before L and t he subject com pared his experiences of both stimuli indicating that the SS signal occurred before the L stimulus (see arrow s on the left side of the tim e-line) in the correct
tim e order. A ccording to L ibet’ s results a signal train of at least D m ust be applied to L to elicit any conscious aw aren ess respon se. 5 H ence the subject
should not be aw are of the signal until the tim e indicated on the right side of
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A co m pariso n of tim ings in the bra in a nd m ind a s portrayed by L ibet’ s experim ents. T he
timings of o bj ect ive experiences Ð a pp lica tions of stim uli Ð are show n on the right side
of ea ch tim e-lin e while sub jective e xperie nc es Ð tim ings noted by the cortex-exposed
consciou s observe r Ð a re indic ated o n the left side. T he on set of aw areness of a particular stim u lu s shown by a left-sid e a rrowhead in dica tes w h en t he subject experiences th e
stim ulus p oin ted to. Th e abse nc e of an arrowhead to the left of a sym bol indicates no
awaren ess a t th e indicated tim e. Accord ing to these e xpe rim e nts and t he ordinary logic of
cau sa lit y t he su bjec t should only becom e a ware of th e stim ulus, w hate ve r it is, at t he
onset of neuronal ad equacy and not before. T he results indicate ca usalit y vio latio ns occurring in bot h L and SS stim uli bu t not for C stim uli.

the time-line (show n by a line extending to the right from the ellipse sym bol).
A lthough the subject should not indicate aw areness of the L signal at the tim e
of onset, w hen it is applied alone, L ibet infers that he w ould ª referº the signal
to onset w hen this signal is com pared with another applied stim uli because it
gives rise to an earlier tim e m arker. Com paring the L result with that given in
the case of SS suggests the subject is referring both experiences backw ard in
tim e to their respective tim e markers. L ibet explains since both L and SS elicit
time marker signals, the experience of each signal will be in the correct tim e
5

T he actual time needed to achieve neuronal adequacy w as often less t han 500 msec. L ibet indicates
a "signal on" time of about 200 msec as typical particularly in reference to L signals and w henever t he
subjects tended to become bored by the experiments. In t hese cases the strength of the signal w as increased and the minimum train duration was found to be 200 m sec. I have used the symbol D as a base
reference for "time on" regardless of whether the brain stimulus was L or C for clarity and dem onstrative
purposes. T he im plications of the relative timings betw een SS and L or C are therefore correct as indicated, specifically the indicated subjective timings relative to the actual applied onset of stimuli, although
t he "time-on" in som e cases might not be actually 500 msec.
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A sch ematic of the brain showing the location of the cortex and the thalam us. The latter
lies r ough ly sym m etric ally within the lower brain near the brain stem .

order, 6 how ever, each experience of neuronal adequacy is referred back in tim e
by the delay interval.
Case (a) strongly suggests that neuronal adequacy is required for perception, and subjective aw areness involving tw o or m ore signals m ay not be experienced as w ould be inferred by norm al causality, but as predicted by L ibet’ s
delay-and-antedating hypothesis. C ase (b) seem s to close the door on any
other possible interpretation. H ere SS is follow ed by C. T he train of C (see
Figure 2) is long and w eak enough that neuronal adequacy for it does not occur
until D later. T his signal appears to block out any aw areness of SS at all. A pparently C inhibits the caboose signal from arising in cortex and acts in a m anner similar to anesthesia. H ence neuronal adequacy of SS is not achieved.
In case (c) the order of SS and C is reversed with the surprising result that SS
is experienced w ell before C even though C began w ell before SS. A gain L ibet
takes it that since C has no time marker no tem poral referral can occur. It will
be experienced at the ª normalº tim e of neuronal adequacy w hile the SS signal
will be backw ards-through-time referred.
This is further supported by case (d) w here an L stim ulus replaces C . H ere
both signals are backw ards-through-time referred and hence nothing unusual
takes place in their normal time order. A s in case (a) it is inferred that both signals are antedated.
Considering the precise tim ings of the stim uli, one is tem pted to regard
L ibet’ s hypothesis as b eing the only correct interpretation. T he question rem ains: W hen do peo ple really experience sensory data? O ne could infer from
L ibet’ s hypothesis (he does not m ake this inference) that the time of occur6
It will turn out that a slight difference in timings for L and SS is predicted by the model in reference to
the time marker.
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rence is not the time reported by the subjects but is som ehow rewired in their
brain s so that they believe they had experienced within the excepted tim e
frame. H ow ever, w hat purpose could evolution have in allowing such a
strange and confused tem poral ordering of conscious experiences? Consider
the possibility that the subjects w ere not in error and correctly experienced the
skin stim ulus shortly after it occurred (within 15 msec) and correctly experienced the time delay ed cortical stim ulus just w hen it w as perceived D after
onset. W hat does this tell us about consciousness? It appears to suggest an
evolutionary advantage if a subject could in som e manner m ake use of information from his im mediate future w hen dealing with passive sensory aw areness.
O thers, possibly in disbelief that anything like a future-to-present signal
could ever occur, treat this tem poral referral as an error or a phantom possibly
akin to ª normalº spatial referral m echanism s as in the case of vision or to
phantom limb phenom enon as in the illusory sensation of touch. A s such our
brain s som ehow and as if in illusion project experience out in space and in a
sim ilar m anner backw ards in tim e.
T he projection of the sensation of vision out in space is called spatial referral and appears to us as quite norm al pro cedure. We see things ª out thereº not
ª in hereº on the backs of our retinas. In the phantom limb phenom enon a person indicates the presence of a sensation in an am putated arm . E ven w hen our
brains are electrically stimulated w e feel the effects at the associated body
organ. L ibet in turn believes that our brains are also able to tem porally refer
sense data backw ards in time but rejects the idea that this is illusory or erroneous. For the sam e reason that it m akes sense to project from our brains the
feeling of an arm (phantom or not) or the vision of an object in space, it m akes
sense to project backw ard through tim e our perceptions of sense data to a tim e
w hen the stim uli actually occur as for exam ple indicated by tim e m arkers. If
there are no tim e m arkers present then no such backw ard-through-tim e referral
takes place.
From this, one could believe that the subject is m istaken about perceived
time sequences of external events. If the subject is m istaken about his perceptions, w e m ight ask w hy natural selection w ould w ork in this m anner. W hat
could be of possible evolutionary advantage in this case? It w ould appear to
be a disadvantage to ever have our wires cro ssed, evolutionarily speaking.
If the subject is not mistaken, and is indeed able to receive projections from
his future electrically excited brain, w e m ight ask the same question. H ere the
answ er is perhaps obvious. In order to take action in the im mediate w orld of
sense data, a great advantage w ould be bestow ed upon the person able to m ove
correctly and intelligently in response to stim uli at the tim e of the stimulus.
Since full aw areness requires neuro nal adequacy Ð the brain firing long
enough to form cogitative respon ses to data presented to it Ð the person could
certainly not just sit and w ait until all of that brain functioning is acco mplish ed. T hus it m ay be argued that natural selection w ould bestow a great
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advantage enabling us to take full benefit of w hat our future cogitations w ere
as they bear upon our im mediate problem s. Perhaps w e could argue th at seeing into the future a period of D is necessary for intelligent species evolution.
We need next to consider the question of the relevancy of quantum mechanical descriptions to the nervous system. A fter, I’ ll show how m y m odel explains the delay-and±antedating paradox and m akes a new prediction for the
relative tim ings of sensory and projected experiences.
2. Are Quantum Mechanical Descriptions Relevant
to the Nervous System?
W hile it m ay have long been suspected, it is only recently that the question
of the m ind-brain problem having a solution based on quantum physical considerations has taken on a new look (H am eroff et al., 1996). Current interest in
m acro scopic quantum system s as w ell as interest in m olecular biology suggests that quantum physical principles do operate in the nervous system .
In his 1986 article, E ccles (1986) offered plausible argum ents for mental
events causing neural events via the m echanism of w ave function collapse.
C onventional o perations of the synapses depend on the operation of ª ultim ate
synaptic unitsº called ª boutons.º E ccles states that, ª these synaptic boutons,
w hen excited by an all-or-nothing nerve im pulse, deliver the total content of a
single synaptic vesicle, not regularly, but probabilistically.º E ccles points out
that refined physiological analysis of the sy napse show s that the effective
structure of each bouton is a paracry stalline presynaptic vesicular grid with
about 50 vesicles. T he existence of such a cry stallin e structure is sugg estive of
quantum physical law s in operation in that the spacing and structure are suggestive of cry stalline structure in com mon substances.
E ccles focused attention on these para-crystalline grids as the targets for
non-material events. H e show ed how the probability field of quantum m echanics w hich carries neither m ass nor energy, can nevertheless b e envisioned
as exerting effective action at these m icrosites. In the event of a sudden change
in the probability field brought on by the observation of a com plem entary observable, there w ould be a change in the probability of em ission of one or more
of the vesicles.
T he action of altering the probability field without changing the energy of
the physical system involved can be found in the equation governing the
H eisenberg principle of uncertainty,

D vD x³

m

w here D v is the tolerance set for determ ining the velocity of the object, D x is
the tolerance set for determ ining the position of the object, and is P lanck’ s
constant 1.06 ´ 10 - 27 erg-sec.
In m y earlier paper (Wolf, 1986), thus unknowing of E ccles’ s work, I presen ted sim ilar lines of reasoning showing that protein gate m olecules in the
neural w all could also be candidates for m icro-objects subject to quantum
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physical probability fields. I also explained how the sudden change in the
probability field resulting from an observation, could be the m echanism by
w hich m ental events trigger neural events.
A key argum ent for the plausibility of E ccles’ s and m y argument com es
from a sim ple inquiry b ased on the m ass of a typical synaptic vesicle, m , 40 nm
in diam eter. It can be calculated to be 3 ´ 10 - 17 g. If the uncertainty of the position of the vesicle in the presynaptic grid, D x, is taken to be 1 nm , it is possible to determine, according to the uncertainty principle, the uncertainty of the
velocity, D v, to be 3.5 nm per m sec. T his num ber com pares favorably with the
fact that the presynaptic membrane is about 5 nm across and the emission tim e
for a vesicle is about 0.1 - 1 millisecond s.
U sing the sam e param eters it is also possible to determine how long it takes
for a w ave packet for a localized particle or group of particles to spread one
standard deviation. T he tim e, t , is given by

t = 2m D

2

h

(2)

w here D is the initial width of the w ave packet. U sing a pulse width of D = 5 nm
and a mass of 3 ´ 10 - 17 g yields t = 15 msec. T his means that within the range
of neural conduction times (15 msec) quantum effects associated with tem poral anomalies could easily be occurring and the uncertainty in velocity as
show n by the uncertainty principle is w ell within the range necessary to m odify the vesicle em ission through m ental intention in the m anner know n as the
ª collapse of the w ave function.º
E ccles concluded that calculations based on the H eisenberg uncertainty
principle show that the probabilistic em ission of a vesicle from the paracrystalline presynaptic grid could conceivably be m odified by m ental intention in
the sam e m anner that m ental intention modifies a quantum w ave function. A lthough my conclusions w ere based on the o perations of protein gating molecules in the neural w all, I cam e to a sim ilar conclusion: m ental events stimulate neural events through sudden changes in the quantum physical probability
field and the tim ing of these events could be governed by quantum m echanical
consideration.
For experim ental evidence showing how m ental events influence neural
events, E ccles pointed to that put forw ard by R oland et al., (1980) w ho recorded, using radioactive X enon, the regional blood flow (rCBF ) over a cerebral
hem isphere w hile the subject w as m aking a com plex pattern of finger-thumb
movem ents. T hey discovered that any regional increase in rCBF is a reliable
indicator of an increased neuronal activity in that area. O ther evidence, using
the same technique of m onitoring rC BF, showing that silent thinking has an action on the cerebral cortex w as also offered by E ccles. For exam ple, merely
placing one’ s attention on a finger that w as about to be touched, show ed that
there w as an increase in rCBF over the postcentral gyrus of the cerebral cortex
as w ell as t he m id-prefontal area.
E ccles concluded from his research that the essential locus of the action of
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non-material m ental events on the brain is at individual microsites, the presynaptic vesicular grids of the boutons. E ach bouton operates in a probabilistic
manner in the release of a single vesicle in response to a presynaptic im pulse.
It is this probability field that E ccles believes is influenced by mental action
that is g overned in the sam e w ay that a quantum probability field undergoes
sudden change w hen as a result of observation the quantum w ave function collapses.
T he question remains, how and w hen does the probability field change in
this m anner? T he T T O T IM may shed some light and L ibet’ s data m ay indeed
be showing how mental events influence neural events and in fact just w hat is
necessary for a conscious (knowing) event to occur.
3. The Two-Tim e Observable Transactional Interpretation Model
(TTOTIM ): Analysis of Wheeler’s Delayed-Choice Experiment
A ccording to the T T O T IM , a future event and a present event are involved in
a transaction w herein a real (com plex-valued retard ed w ave) quantum state
vector, | O(1)>, called the ª offerº w ave, issues from the present event (1) and
travels to the future event (2). T he future event is then stim ulated to send back
through tim e an ª echoº state vector (com plex-conjugated advanced w ave),
<E(2) | , tow ard the present event.
A ccording to the rules of quantum m echanics, the probability distribution
(probability per unit volume) for an event to occur, is given by < E(2) | O(1)>.
Following the T T OT IM, the echo w ave modulates the offer w ave thus producing the required probability pattern. T hus, it is necessary for future events to
influence present or past events by sending back into time a corresponding
echo w ave, following an offer w ave, from the present or past that confirm s the
offer. Specifically, the echo w ave contains the com plex conjugated reflection
of the offer w ave multiplying the offer w ave in m uch the same m anner as a
radio w ave m odulates a carrier signal in radio broadcasting. T he probability
am plitude < E (2) | O (1)> equals the positive real probability for a transaction Ð
a correlation betw een the tw o even ts Ð arising as a probability field around
the initial event. H ow ever, this field depends on values acquired at the echo
site (2) as w ell as values obtain ed from the initiating site (1).
To see how T T O T IM w orks, and how a future event could influence by confirm ation an earlier one, let us consider a w ell-know n causality violation paradox know n as W heeler’ s delayed choice experiment (H ellm uth et al., 1986;
see also W heeler, 1978). T he delayed choice arises after allowing a single photon to travel either by (a) one path or (b) by both paths in a tw o-arm M achZ ehnder interferom eter to a detector setup. T he choice is made after the photon has already entered the device and has presum ably ª decidedº w hich w ay to
go. T he outcome is determined w hen a half-silvered m irror is placed or not
placed at the detection site. T he com plete analysis using T T O TIM is show n in
Figure 5.
In Figure 5(a) the decision at t = 0 ++ is to not insert an additional half-sil-
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Fig. 5a. W heeler’ s de layed c ho ic e experim ent as depicted using th e TT O TIM. T he dela yed c hoic e
is be tween a llowing the ph oton to tra vel by a single p ath or by bot h paths to reac h t he de tector setu p. T he choice is m ade a t th e later tim e whe n a h alf-sil vered m irror is plac ed or
not p lac ed at th e de tec tion site.

vered mirror. C onsequently, at t = 0 a photon source em its a single photon.
A ccordingly, an offer quantum w ave vector, | S>, travels forw ard in tim e to a
half-silvered mirror arriving at t= 0 + w here the state vector, | S>, is partially
transm itted; | a S>, continuing through the m irror onto the low er path, and partially reflected, | i a S>, onto the upper path ( ). 7 N ext at t = 0 ++ the vertical detector fires 8 sending an echo w ave vector, < - i a S | , backw ards in tim e only onto
the low er path w here it once again reflects from a m irror leading to the continuation echo w ave vector < a S | w hich in passing through the half-silvered mirror becom es < a 2 S | =< 1 / 2 S | . T he probability for the transaction is < 1 / 2 S | S >= 1 / 2
as indicated by the am plitude of the echo w ave arriving at the original source.
Since the horizontal detector did not fire, there w as no echo from it and consequently the photon did not pass through the upper arm of the device even
though its offer w ave vector did.
O nly w hen a transaction is
7
There are some additional assumptions at play here. The half-silvered mirror is in fact a t hin piece of
transparent m aterial with just the right t hickness in relation to the wavelength of the light to produce t he
quarter wavelengt h shift w hen the wave reflects from t he surface of the mirror and equal am plitudes of
reflected and transmitted waves. Thus, the factor takes into account the splitting of the wave at the
"half-silvered" mirror and the i factor in |i a S> accounts for the 90 degrees or quarter wavelength phase
shift that arises between the transm itted and reflected wave. T he fully silvered mirrors reflect the wave
vector wit h no absorption. T he "i" factor here is a com promise to agree with the "half-silvered" m irror
case. Any phase factor could have been used here as long as it is the same for bot h mirrors in the setup.
8
The horizontal detector could just as well have fired. But only one detector can fire since only one
photon is present. In this case the echo w ave vector would have been < - a S | w hich would have next reflected at t he mirror into the state < - i a S | which w ould have continued back to the source after anot her
reflection from the original half-silvered mirror leading to a final wave vector < a 2 S | =< 1 / 2 S | just as in t he
vertical detection scenario.
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com pleted, w here both a final conform ation and an initial offer are concluded
can a history be decided.
If the alternative decision is m ade after the photon has already entered the
device, the delay ed choice changes the past and allow s the photon to travel by
both paths to reach the detector. In F igure 5(b) the decision at t = 0 ++ is to insert an additional half-silvered mirror. A t t = 0 a photon source em its a single
photon. A n offer quantum w ave vector, | S>, travels forw ard in time to a halfsilvered mirror (t = 0 +) w here th e state vector, | S>, is partially transmitted,
| a S>, continuing through the m irror onto the low er path, and partially reflected, | i a S>, onto the upper path as before. E ach partial w ave is again reflected
by a m irror and continues as before. T he upper partial w ave undergoes, as a result, tw o 90-degree phase shifts w hile the low er partial w ave undergoes only
one phase shift. N ext at t = 0 ++ both partial w aves encounter the just-inserted
half-silvered m irror w here again reflection and transmission occur. T he reflected upper w ave enters the vertical detector w here it, because of the phaseshifting, cancels out with the low er transm itted w ave. T he vertical detector
does not fire. T he transm itted upper path vector continues to the horizontal
detector and adds in phase with the low er path reflected vector resulting in the
firing of the horizontal detector. A lthough each w ave is phase-shifted by 180
degrees and red uced in am plitude by a factor of 1 / 2 , they add together to produce the 180-degrees phase-shifted w ave vector | - S> and the firing of the horizontal detector. N ow the horizontal detection event sends backw ard through

F ig. 5b. W heeler’ s delayed ch oice e xperim e nt as d ep icted using the T TO T IM . T his ti me t he delayed c ho ice allows the p hoton to travel by bo th paths to reach t he de tecto r. H ere t he decision a t the late r tim e is to insert an a dditional half-silvered m irror. N ow t he photon follows both paths to com ple te a nd confirm a successful transaction.
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tim e the echo w ave, < - S | , w hich upon following the same tw o trajectories
back to the source arrives in toto p hase shifted through another 180 degrees as
the echo w ave, <S | , thus com pleting the transaction. T he probability for the
transaction is unity as indicated by the sum of the am plitudes of the echo
w aves arriving at the original source.
4. The Brain as a Delayed Choice Machine
It is widely believed that no experimental evidence favoring one interpretation of quantum physics over another is possible. H ow ever, it has been recognized that the action of observing any quantum system can alter the physical
property under scrutiny. W hile this has been broadly recognized, no one to
date has any idea how this happens or w hen it happens. U p to now, research
has been occupied with investigations of tem poral paradoxes in physical system s. W heeler’ s d elayed choice experiment has already been confirmed.
W hat I am proposing here is that the tim ing of events taking place within the
human brain may under certain circum stances exhibit behavior showing a similar delayed choice scenario as above is being played out. Moreover few physicists investigate anything like precise timing of conscious events in hum an
subjects for a variety of reasons. L ibet’ s data may suggest that a biological
foundation for quantum physics exists and that the question of w hich interpretation of quantum physics is correct can only be answ ered biologically. T his
step m ay also provide the beginning of a theoretical basis for a quantum physical m odel of the m ind-brain.
T he T T OT IM links mental and neural events and explains the relationship
betw een physical exterior events, m ental events, and the projection of mental
events into space-tim e. A conscious experience occurs if and only if two
events occur. If one assumes that consciousness arises with a single event,
paradoxes like the ones indicated by L ibet’ s experiments occur. N euronal adequacy and subjective experience are not one and th e sam e events. N either are
peripheral stim ulation and subjective experience one and the same even
though they seem to be. T he truth actually lies som ew here in-betw een. Both
the stim ulation and neuronal adequacy (tw o events) are needed for the apparent conscious (one event) experience, even though the tim e of that experience
m ay be referred back close to the tim e of the elicitation of a particular signal.
A lthough one might believe that L ibet’ s data suggest that this m ay be an illusion, that the real ª recognitionº of the event only occurred later at the tim e
of neuronal adequacy and that the subject ª subjectivelyº and mistakenly rem embered the event as having occurred earlier, this ª illusionº is precisely how
the brain-m ind w orks in dealing with passive stim uli.
T he T T O T IM sheds light on both ª subjective referral in timeº as w ell as
ª subjective referral in space.º L ibet suggests that, in the sam e manner that
neuronal adequacy following a peripheral sensation is projected ª out thereº on
the peripheral site and not felt to occur at the cortex, visual experience is ª projectedº onto the external w orld and not referred to the retinal net. N ot only
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m ust the achievement of neuronal adequacy following a peripheral stim ulus
elicit a backw ards-through-tim e signal but the S I upon its receipt must relay it
out to the physical location of the stim ulus. W hat happens if the stim ulus is
not real or if the stim ulus is applied to the brain itself? T hen this projection
m ust occur forw ard-in-time!
In m y original hypothesis (Wolf, 1989), neither the time nor the location of
the experience w as precisely determ ined and no experience of the ª out thereº
sensation takes place unless a projection to the stimulus site occurs. T hus
phantom experiences and subjective ª filling-inº of neurological ª blind spotsº
or even a w hole field of SI-induced sensory inform ation will appear as real experiences. It w ould be hard to explain how appropriate behavior based on
aw areness could occur if this projection did not occur. W hat I have added here
is a specific tim e difference betw een projections of real and phantom or brain
stimuli. T his hypothesis also fits with certain experim ents perform ed by physiologist von B…k…sey and phantom lim b experiences reported to Pribram w hich
I described in my earlier book (Wolf, 1984).
5. The Quantum Mechanics of the P assive Mind
N ow that w e have looked at the general analysis of the T T O T IM as it applied to W heeler’ s delayed choice scenario, let us consider its application to
L ibet’ s data.
Figure 6 illustrates offer and echo state vectors involved in a typical peripheral stimulus response action using a pseudo-sequence sim ilar to that show n in
Figures 5. A t t = 0 a skin stim ulus is applied (SS). A ccordingly, a quantum
state vector, | S>, travels forw ard in tim e to the som atosensory cortex arrival
area SI where it elicits a tim e marker slightly later (about 15 msec) at t = 0 +.

Fig. 6. He re we see, using a sim p lified pseudo -seque nc e typic al of t he T TO T IM, w hat transpires
when at t =0 a skin stim u lus is applied (SS) leading to a tim e m arker signal being el ici ted
on th e so m ato sensory c ortex (S SI ) a t t = 0+ ( « 1 5 msec ). T he perc eptio n oc curs within 15
msec of th e stim ulus.
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A s tim e continues, the state vector, | na S>, travels forward in time leading to
neuronal adequacy, elicited by the caboose part of the SS signal, at SI, w hich
occurs after the delay time D (taken to be 0.5 sec). T he time-reversed echo
state vector, <naS | , goes back in tim e to t = 0 + w here it initiates the backw ardsthrough-tim e state vector, <S | , that returns to the site of the skin stimulus. T he
perceived event Ð con scious aw areness of SS Ð d o es not occur at a precise
time but subjectively, accordingly, somew here in an interval D t (15 m sec) betw een time t = 0 and t = 0 +. T he tim e marker signal acts as a reference for the
tim ing of the aw areness event.
Following the use of T T O T IM, there are two pairs of events required for perception. We m ay consider one of the event pairs to be the causal setup and the
second to be the finalized p rojection. T he projection is (1) [ SS ¬ S SI ] and the
setup is (2) [S SI ® NA SS] w here the forw ard arrow indicates a forw ard through
tim e projection and the backw ard arrow the contrary. E ven though the tw o
event setup sequence (2) occurs later than the tw o event projection sequence
(1), the setup (2) acts as the ª confirm ationº cause for the conscious projection
(1). T he absence of (2) com pletely elim inates the confirm ation and the possibility for (1) to occur. In apparent agreement with the tenet of contrafactuality,
w hat does not happen later affects w hat consciously happens earlier.
T he skin stim ulus tim ing is to be contrasted with a cortical stim ulus directly
applied at t = 0 at SI w here no time m arker signal arises. Figure 7 illustrates
how a phantom skin stimulus is not felt until neuronal adequacy is achieved
sometime after t = D (taken to be .5 sec). A quantum w ave vector, | na C>, initiated at SI without any time m arker signal, travels forw ard in tim e. A s tim e
continues, a train of pulses is elicited, leading to neuronal adequacy at t = D .
This elicits a state vector, | pS>, associated with a phantom sensation that travels forw ard in tim e arriving at t = D + at the area of the skin associated with the

Fig. 7. Here a co rtical stim ulus (C SI ) is ap plied a t t = 0. T he p han tom sk in stim ul us is not fe lt
until neu ro na l adequac y is a chieved som etime after t =D .
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particular site on the som atosensory cortex. N ext, the tim e reversed echo state
vector, <pS | , goes back in tim e to t = D w here it initiates the backw ardsthrough-tim e state vector, <na C | , that returns to the onset site of the original
cortical stimulus and com pletes the circuit. T he apparent event for conscious
aw areness does not occur at a precise time but accordingly somew here in the
interval D t betw een time t = D and t = D +.
In contrast to the skin stim ulus, the theory posits that the cortical stimulus
will be sensed as a result of a phantom projected ª im ageº associated with the
cortical area stim ulated and that this projection will occur after the achievem ent of neuronal adequacy. T he key is the absence of a tim e m arker reference.
Without it, the location of the event in tim e and space will correspond to the
tim e of achievem ent of neuronal adequacy.
T he T T O T IM successfully explains the difference betw een a phantom sensation elicited by the cortical stim ulus occurring around t = D and the real sensation elicited by the skin stimulus occurring around t = 0. T he key difference
lies in realizing that the im petus for the sensation is quite different in each case
in that one occurs at the skin and the other at the cortex. T he skin stimulus
elicits a tim e m arker signal and the cortical stim ulus does not. Instead it elicits
a forw ard through time phantom signal at the skin site. In this case the setup
interval [C SI ® NA C] takes place before the projection interval [NA C ® P S].
Figure 8 illustrates the com parison betw een the tw o stimuli. A pseudo-sequence with tw o signals is applied corresponding to F igure 3 (b). A t t = 0 a
skin stimulus (SS) is applied. A quantum w ave vector, |S>, travels forw ard in
tim e to the somatosensory cortex arrival area SI eliciting a tim e m arker signal
on the somatosensory cortex (SI) at t = 0 +. A s tim e continues, the state vector,
|na S>, moves forw ard in time. A t t = 0.5D , a cortical stim ulus is applied interrupting and interfering with the state vector, |na S>. T he caboose is not elicited
at the som atosensory cortical region associated with SS. N euronal adequacy
for SS at SI is not achieved. Instead a quantum w ave vector, | na C >, initiated at
the cortical stim ulus site SI without any tim e m arker signal travels forw ard in
time. A s time continues a train of pulses is elicited leading to neuronal adequacy at t = 1.5 D (around 0.75 sec). T his elicits a state vector, | pS >, that travels forw ard in tim e arriving at t = 1.5 D + at the area of the skin associated with
the particular site SI. N ext the time reversed echo state vector, < pS | , goes back
in time to t = 1.5 D w here it initiates the backw ards-through-tim e state vector,
<na C | , that returns to the onset site of the original cortical stimulus at t = 0.5 D
com pleting the blocking cycle. C onsequently there is no echo state vector,
<na S | , returning to SI and no echo w ave vector, < S | , returning to the skin.
T here is no aw areness of the actual skin stim ulus although a phantom skin sensation produced by the cortical train is felt later if the w ave train duration is
sufficient as indicated in the figure. T he phantom event for conscious aw areness does not occur at a precise time but subjectively accordingly som ew here
in the interval D t betw een tim e t = 1.5 D and t = 1.5 D +.
T he norm al setup [ S SI ® N A S ] has been disrupted by the introduction of the
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Fig. 8. Here two stim uli are applied correspo nding to Figure 3 (b). T here is no aw areness of actual sk in stim ulus although a ph an tom skin sensation prod uced by the cortical train is felt
later. T he phanto m event for co nscio us awa re ness does not o ccur at a prec ise tim e but acco rd ingly som etime after t =1.5 D .

later tw o-valued setup. C onsequently there is no projection of the SS experience, the projection [SS ¬ S SI] does not arise. H ow ever, the projection [NA
C ® PS ] occurs with [ C SI ® N A C ] as its cause.
O ne w ould think from this that the paradox has been resolved. H ow ever, a
question arises w hen w e com pare these stimuli with direct stim uli to the thalam us or m edial lem niscus just below the thalamus. S ignals applied there, unlike cortical stimuli, do elicit time m arker signals at SI. T hus one w ould expect, according to L ibet’ s hypothesis, a sim ilar antedating for the aw areness of
such signals w hen com pared with cortical signals. A lthough this has been
confirmed in a num ber of studies (L ibet, 1979) there is a difference in the timings predicted by the T T O T IM .
Figure 9 dem onstrates, using the T I pseudo-sequence, w hat transpires w hen
a thalam us (m edial lem niscus) stimulus is applied at t = 0. A time marker signal is elicited at SI at t = 0 + ( « 1 m sec) and a phantom skin stimulus is felt
slightly later, betw een t = 0 + and t = 0 ++ (about 15 m sec later).
Was this signal felt shortly after the tim e marker signal? S ince all of L ibet’ s
experiments w ere done with com parisons of the relative tim ings betw een tw o
signals ( e.g., L & C , L & SS , C & SS ) and in no case ever w as the timing of a single
signal determ ined, the question rem ains unansw ered. If a brain signal w as applied either to C or L for a period less than D , neuronal adequacy w as not
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F ig. 9. Here a th ala m u s stim ulus is ap plied at t =0 . T he pha nto m event for conscious a waren ess
does not occu r at a precise tim e but slightly later sim ilar to w hat oc curs with a real event
sk in stim ulus (Figure 6).

achieved and certainly no aw areness took place. W hen the signal w as applied
for D or longer, aw areness did take place but w as alw ays com pared with another signal (either another brain signal or a peripheral stimulus). T he relative
tim ings experienced support Libet’ s hypothesis. A ccording to my m odel, L
signals are experienced near the tim e of onset and not significantly later, provided the L signal train duration is sufficient to achieve adequacy. Paradoxically, but in accord with the T T OT IM, if the train duration is too short, adequacy is not achieved at t = D and no signal is experienced in the earlier
interval betw een t = 0 + and t = 0 ++ .
A ccording to the T T O T IM a quantum w ave vector, | L >, travels forw ard in
tim e to the som atosensory cortex arrival area SI w here it elicits a time m arker
signal at t = 0 +. From here tw o signals are sent out: the state vector, | na L >,
representing the cortical w ave train signal leading to neuronal adequacy at
t = D and a forw ard-through-time phantom offer w ave, | PL >, that arrives at
t = 0 ++ (slightly after the L signal reaches SI ) touching the skin site associated
with the SI site w here neuronal adequacy w as achieved. T he tim e reversed
echo state vectors, < na L | and < PL | , then go back in tim e to SI w hich initiates
the tim e reversed echo, < L | , to return to L at t = 0, com pleting the w hole cycle.
T he phantom event for conscious aw areness d oes not occur at a precise tim e
but accordingly subjectively som ew here in the interval D t betw een tim e t = 0 +
and t = 0 ++, or sim ilar to w hat occurs with a skin stim ulus, but, and this is essential for the theory, slightly later. T he setup [ L SI ® NA L ] causes the earlier
projection [ L SI ® PL ] due to the presence of the tim e marker. T here is no
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space-tim e projection associated with the | L> wave vector since this vector
originates in the thalamus.
T hus both S and L signals elicit time marker signals at SI w hile C signals do
not. L ibet explains that all signals regardless of w here the onset site exists require adequacy Ð a tim e delay to become conscious. M y theory explains the
tim e order of the aw aren ess of passive stim uli events and predicts that phantom or projected experiences w hose origins are brain-based will appear later
than their associated time m arker events (if they occur) w hile peripheral stimuli will become conscious earlier than their time m arkers. It answ ers the question, ª H ow are w e to explain the fact that even though L elicits a time m arker
signal, there is no aw areness of this signal unless neuronal adequacy is
achieved?º T he answ er becom es apparent w hen w e realize that space-tim e
projection and therefore sensation does not occur unless neuronal adequacy
does and then it occurs in reference to the tim e marker.
6. The Thalamus and Space-time Projection
L ibet’ s experim ents suggest that sensory inputs in passing through the thalam us or m edial lem niscus, elicit tim e m arker signals. T his m ay indicate that
the thalam us is responsible for the origination of the tim e m arker signal and
that th e specific space-tim e projection m echanism arises there. In Figure 10,
in com parison with Figure 6, w e have added a relay through the thalam us
showing how a skin stimulus passes through the thalam us in order to elicit a
tim e marker at SI. A t t = 0 a skin stimulus is applied (SS). A quantum w ave
vector, | S>, travels forw ard in time to the thalamus w here a thalam us signal is
initiated at t = 0 + (15 m sec) N ext the quantum w ave vector, | L>, elicits a tim e
m arker signal occurring at t = 0 ++ in the somatosensory cortex arrival area SI.

Fig. 10. A p ossib le exp lanation of the relationship between the specific projecti on m echanism invo lv ing t he thalam us an d L ibet’ s hypothesis/paradox.
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A s tim e continues th e state vector, | na S/L >, representing the w ave train signal
involving both the thalam us and SS is elicited leading to neuronal adequacy at
SI w hich occurs after the delay tim e D (taken to be 0.5 sec). N ext, the time reversed echo state vector, < na S/L | , goes back in time to t = 0 ++ w here it initiates the backw ards-through-time state vector, <L | , that returns to the thalam us
initiating the backw ards-through-tim e state vector <S | that returns to the site
of the skin stim ulus com pleting the w hole cycle. T he actual event for conscious aw areness o ccurs in the interval D t betw een time t = 0 and t = 0 +.
A C om parison of Figure 9 and Figure 10 show s that direct thalamic stim uli
leading to aw areness as phantom skin experiences occur in the interval betw een t = 0 + and t = 0 ++ after the explicit time m arker signal arrives ( t = 0 +) at
SI, w hile skin stim uli leading to aw areness as real skin experiences are experienced betw een t = 0 and t = 0 + before t = 0 +.
In each figure the setup occurs betw een the appearance of the time m arker
signal and th e achievement of neuronal adequacy. H ow ever, the projections
are different. O ne setup (F igure 9) [L SI ® NA L] projects the imagined or
phantom conscious experience [L SI ® PL] forw ard-through-time and the
other setup (Figure 10) [S/L SI ® NA S/L] projects the real conscious experience backw ard through tim e in tw o steps [L ¬ S/L SI ] and [ S ¬ L].
T he key factor is the eliciting of the tim e marker signal. T his fact suggests a
reason based on evolutionary theory for the projection m echanism itself.
7. The Space-time Projection M echanism:
Evolution and Experimental Data
O ne could speculate about the reasons nature w ould allow such a seem ingly
bizarre projection m echanism and its early appearance in the low er mid-brain.
T he answ er seem s to be connected with perception, evolution, and surv iv a l Ð
the ability to orientate within space and tim e. A ll peripheral sensory inputs to
the brain (with som e slight alteration in the case of smell) m ust pass through
the thalamus before they reach the cortex, w here any mechanism leading to interpretation or perception can occur. E volutionary studies of the brain itself
indicate the cortex, w as a later development and that the order of the brain’ s
evolution lies within its structure. H ence the thalam us w as a prim ordial developm ent, probably part of the early hominoid brain, and it w ould follow that
the ability to project spatial and tem poral experience w as vital for the further
evolution of the species.
T he m ain function of the thalamus appears to be the provision of time m arker signals w hich act as reference m arkers enabling a being to orientate in space
and tim e Ð to determ ine just w here and w hen a particular stim ulus occurs.
R elativity has taught us that a single event cannot be referred; only a pair of
events can possess referrals Ð one to the other. A ny absolute time or location
of an event w ould not have any m eaning. W hile this is certainly true in physics, it may be a surprise that a sim ilar referral structure involving pairs of
events occurs in the conscious o peration of the brain. B efore there is any
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aw areness there must be referring pairs of events, leading to the projection of a
tem poral/spatial interval. T his has surprising consequences. (See Table 1.)
T he theory predicts that real stimuli are experienced as a result of backw ards-through-tim e projections from the event of the achievem ent of neuronal adequacy to the occurrence of a tim e marker signal (first event pair,
SSI ¬ NA S) and an earlier backw ards through tim e projection to the actual
skin site (second event pair, SS ¬ SSI). Phantom stim uli are experienced as a
result of forw ard through time projection either [C SI ® NA C] or [ L SI ® P L] to
the stim ulus site from the cortex. Since cortical stimuli do not elicit tim e
markers the tim e difference betw een a real and a cortically induced phantom
stim ulus will be easy to detect and L ibet’ s ex periment certainly show s this.
But w hat about com paring skin and thalam ic stimuli? It should be possible
to m easure this tim e difference by arranging for sim ultaneous tim e marker signals from stimuli to the skin and thalam us. T he predicted tem poral shift in
conscious perception could be as m uch as 20 msec but is m ore likely to be in
the neighborhood of 10 m sec with the thalam ic stim ulus being perceived
slightly later than the skin. A lthough this is very close to call, the experim ental results obtained by L ibet appear to confirm this result.
Subjective tim ing orders of experiences for skin and thalam us stim uli (taken
TABLE 1
Subjec tive tim ing orders, indicated in m sec,
of experiences fo r sk in and thala m u s stimuli (ta ken fro m p. 210, Table 2a of L ibet e t al., 1979).
Test

Su bj ect 9

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)

D(H)
B(H)
C(G)
B(G)
D(H)
B(H)
B(G)
C(G)
B(H)
D(H)
B(G)
C(G)
B(H)
B(G)
C(G)
D(H)
B(H)
B(G)
C(G)
D(H)

L ag
tim e

Corrected
lag time

- 2 50

- 265

- 2 00

- 215

- 2 00
- 2 00
- 1 50
- 100
- 100
- 100
0
0
0
0
100
100
100
1 50
2 00
2 00
2 00
2 50

- 215
- 215
- 165
- 115
- 115

- 115
- 15
- 15
- 15
- 15
85
85
85
135
185
185
185
235

No. of
trials
6
10
10
8
4
10
8
10
10
4
9
10
10
7
10
5
10
10
10
5

S kin
® rst
0
0
0
0
1
1
0
0
1
0
4
2
1
4
6
3
10
8
8
5

Tie

T halam us
® rst

0
0
4
2
0
6
8
8
9
4
2
6
8
2
3
2
0
1
1
0

6
10
6
6
3
3
0
2
0
0
3
2
1
1
1
0
0
1
1
0

9
Subject D(H ), e.g., means a particular block of tests labeled D for a particular subject labeled H .
There were tw o subjects listed here, G and H. There w ere four blocks of tests, A through D. In some
blocks both subjects were used while in others only one was used.
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from p. 210, Table 2a of L ibet et al., 1979, p. 210) are show n in Table 1. Stim uli w ere applied to the sub-cortical thalamus or medial lem niscus and to the
skin. T hree sets of data w ere taken. Tests w ere arrang ed for the stim uli to be
delivered sim ultaneously, with the skin stimulated after the thalam us (negative lag time), and finally with the skin being stim ulated earlier than the thalam us. L ag tim es ranged betw een 250 msec to zero. A positive lag time indicates the skin stimulus w as applied first. A negative lag time indicates the
thalam us signal w as applied first.
To com pare the results of the experim ents with m y theory w e need to be
concerned with w hen the tim e marker signals elicited by each stimulus arrives
at the som atosensory cortex. T hus I have added a corrected lag tim e (CLT)
colum n to indicate the separation in tim e betw een the time m arkers arriving at
SI from each stim ulus. Taking into account the longer tim e it takes for a skin
stim ulus to reach SI ( « 15 m sec) as com pared to a thalam ic stimulus, all ª trueº
lag times should be as indicated in this colum n, i.e., conservatively corrected
by ±15 m sec from the previous colum n. 10
Since the theory predicts that skin stimuli will be perceived slightly before
the arrival of their tim e m arker signals w hile thalamic stim uli will be perceived slightly later than their tim e marker signals, this w ould tend to m ove
the thalamus perception slightly forw ard in time ( « 15 m sec) and the skin perception slightly backw ard ( « - 15 m sec) of their respective tim e m arkers. Consequently, if the theory is correct, in the first 12 tests w e will find the stim uli
appearing closer in time with more ties indicated w hile in the last 8 tests they
will appear farther apart in time with less ties indicated.
If the theory
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w as applied first) w e find only 6 ties and 2 thalam us first indications
(20%) in agreem ent with the theorized projections and contrary to a)
above. We point out that the agreement here could partially be due to the
unsym m etrical tim e distribution ( - 115 vs. +135 msec). T his is perh aps
too close to call as favorable to the theory. H ow ever, the CLT £ - 115
data show s 2.25 vs.1 ratio to the C LT ³ 135 data. T his, I believe, is too
large a difference to be accounted for by the failure of the theory and the
slight change in the tim e sym m etry.
b) In tests 1) through 12) (w here the thalamus time m arker arrives first)
59% (58 out of 99) show ties or skin firsts w hile in tests 13) through 20)
(w here the skin time marker arrives first) 33% (22 out of 67) show ties or
thalam us first in agreem ent with the theorized projections contrary to b)
above.
O ne m ight argue that w e have w eighted our swings in the above analysis and
that w e should com pare the original tim e lags data not the corrected data. T his
w ould tend to dism iss tests 9) through 12) since they are all sim ultaneous and
only com pare tests 1) through 8) with tests 13) through 20). In this case the
theory predicts m ore trials showing ties or skin first in tests 1) through 8) and
few er trials showing ties or thalam us first in tests 13) through 20) than w ould
be expected if the theorized projections did not occur (equal percentages).
N evertheless, com paring the data w e find 45% of tests 1) through 8) showing
ties or skin first as com pared to 33% showing ties or thalam us first in tests 13)
through 20) in tentative agreement with the theorized projections.
O n the other hand, an increase of the CLT to 25 m sec w hich could im ply a
neural conduction velocity of 200 ft/sec and approximately 18 synapses betw een skin and thalam us (I do not think this unreasonable) w ould render the
data of a) above com pletely sym m etrical indicating more tenability to the theory (see Footnote 10).
8. Causality Violation in Sensory and Cortical Stimuli Experiences
Figure 11 illustrates a T T O T IM explanation of L ibet’ s hypothesis/paradox
tem poral reversal relationship betw een the timings in cortical and skin stim uli.
T he com parison with F igures 2(e) and 3(c) show s w hat transpires w hen tw o
stimuli are applied with a delay of fD (0 £ f £ 1) betw een them . A t t = 0 a cortical
stim ulus is applied ( C SI ). C leads to a quantum w ave vector, | na C >, initiated
at the cortical stim ulus site SI travelling forw ard in time. A s time continues, a
train of pulses is elicited leading to neuronal adequacy at t = D . T his elicits a
phantom state vector, | pS >, that travels forw ard in tim e arriving at t = D + at the
area of the skin associated with the particular site SI. T he tim e reversed echo
state vector, < pS | , goes back in time to t = D w here it initiates the backw ardsthrough-tim e state vector, < na C | , that returns to the onset site of the
original cortical stimulus at t = 0, com pleting the cortical cycle.
At
t = fD a skin stim ulus is applied (SS) . This leads to a quantum w ave vector, | S >,
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F ig. 11. A n explanation of L ibe t’ s hypo thesis/parado x tem poral reversal relationship be tw een t he
tim ings in cortical and skin stimuli. Subje ctively, the e vent for c onscious a ware ness of
the skin stim ulus o cc urs earlier than the phantom a waren ess of t he c ortical sig nal even
tho ugh the cortica l signa l was ap plied first.

travelling forw ard in time to tim e to t = fD + at the som atosensory cortex arrival
area SI w here it initiates a tim e m arker signal. A s tim e continues, the state vector, | na S >, pro pagates forw ard in time leading to neuronal adequacy at SI
w hich occurs after the delay time (1 + f ) D . T he tim e-reversed echo state vector,
<na S | , goes back in tim e to t = fD + w here it initiates the backw ards-throughtim e state vector, < S | , that returns to the site of the skin stimulus com pleting
the cycle. S ubjectively the phantom aw areness of the cortical signal appears
to occur in the interval D t c betw een t = D and t = D + w hile the event for conscious aw areness of the skin stim ulus occurs som ew here in the earlier interval,
D t s, betw een t = fD and t = fD +.
Since the cortical stimulus does not elicit a tim e m arker signal, the corresponding phantom skin projection occurs w ell after the skin stimulus. It is
only w hen the fraction f = 1, corresponding to the skin stim ulus being applied
D later, are the stim uli sensed to be simultaneous.

9. Conclusion
We have explored a quantum physical theory of the paradox of the relationship of aw aren ess and associated physical events, including application of
stim uli and the achievem ent of neuronal adequacy that elicit it. T his paradox
w as first pointed out by L ibet in a series of experim ents involving hum an subjects w here a com parison of tim ings associated with direct cortical and subcortical stimulation along with peripheral stim ulation w as possible. I have
show n that a reasonable argument exists sh owing that quantum physics pertains to the operation of the brain and nervous sy stem . In particular the operation of synaptic vesicle emission and gating function within the neural w all
and the spread in its w ave packet are governed by the uncertainty principle. I
have show n that the phenom enon of ª w ave function collapseº or the change in
the probability of a process associated with the action of a m easurem ent affects neural o peration and leads to an uncertainty in tim ing of conscious
events. I conclude that the action of conscious aw areness occurs as a result of
this collapse m echanism .
N ext w e exam ined a m odel of the supposed collap se b ased on Cram er’ s T I
and the T T O of A haronov et al., (1990). T he model explains the relationship
betw een physical Ð exterio r Ð events, m ental events, and their projection
into space-tim e. We have discovered both stim ulation and neuronal adequacy
(tw o events) are needed for the apparent conscious (one event) experience.
T he apparent tim e and location of a physical sensation are projected into tim e
and space: the time and the location of the experience are referred to the associated peripheral sensation w hether phantom or real.
T he question, ª Is there really an `actual tim e’ at w hich a conscious experience takes place?º I have answ ered negatively indicating, how ever, that w hile
a precise timing for such an event does not occur, aw areness of peripheral, passive, sensory input m ust take place before the cortex has achieved neuronal adequacy w hile aw aren ess of phantom or ª fill-inº experience produced by cortical stim uli m ust take place after. Sub-cortical stimuli, applied to the thalam us
or to the m edial lem niscus, lie on the borderline betw een peripheral and direct
cortical stim uli. Stimuli applied here result in the generation of time m arker
signals w hich play a role as referents for both tem poral and spatial projection
Ð the specific projection system . P assivpa
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sensations m ust reach aw areness before the tim e m arkers arise. We will sense
ª realº things before w e project our mental m aps of these experiences onto
them but will com pare these sensations slightly later. If tw o tim e m arkers are
m ade to simultaneously arise at t = 0 one com ing from L and the other from SS,
the SS sensation will become conscious 15 m sec befo re t = 0 and the L sen sation will becom e conscious about « 15 m sec after. This appears to be tentatively borne out by experiment (see Table 1). T he results are close, to be sure, and
it is natural and necessary that they be close, to be encouraging for the theory.
A ssum ing that im ages, m em ories of sensory inputs, and real sensory data involve the thalamus and the specific projection system within (and consequently elicit time markers), it w ould follow that the overlap betw een w hat w e sense
ª out thereº and w hat w e project ª out thereº as experience m ust occur in reasonably close proximity. T his m ay be the reason for the early developm ent of
the specific projection (lem niscal) system . Clearly any long delay as betw een
real sensory inputs and cortical projections (m em ories or sensory im ages) that
do not elicit tim e m arkers could lead to extinction of the species.
Finally I w ould like to add some thoughts regarding peripheral som atic
stimuli, P arkinson’ s disease, and som e prospects for further experimental research regarding the T T O T IM . L ibet has already indicated that w hen the body
is subjected to synchrono us stimuli, the subject responds without any indication of asynchrony or subjective jitter. G iven that a variety of stimuli w ould
produce a variety of intensities and pulse/train duration one w ould expect, if
there w as no backw ard-through-time projection from the tim e w hen neuronal
adequacy w as achieved, to experience a lot of jitter due to the various tim es
w hen adequacy w ould be achieved. Since this does not occur it indicates support for the theory.
It is now know n that people suffering from Parkinson’ s disease suffer from
w hat appears to be asynchronous jitter. I suggest that for som e reason a
Parkinsonian subject’ s thalam us in response to som atic stimuli has lost the
ability to provide adequate time m arker signals. Consequently, synchronous
stimuli result in asynchronous behavior or the fam iliar jitter observed. W hen
electrical stimuli are delivered to the thalam us it is know n that the subject’ s jitter stops or is minim ized considerably. I suggest the reason for this is the artificial supply of tim e m arkers provided by electrical stimulation. E xperiments
with Parkinsonian subjects m ay offer a new source of experim ental inform ation regarding the specific projection m echanism and the proposed projection
tim ings indicated by the T T O T IM .
10. Speculations
W hen it com es to tim e in physics, w e are somew hat at a loss. A ll of our
equations are unique in one very real sense, there is no specific order to the sequen ces of events w e label as the passage of tim e. Both N ew tonian physics
and quantum physics share this apparent fault in disagreem ent with our comm on sense experiences. We could just as w ell w rite equations and set up
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appropriate spatial and tem poral boundary conditions of retrodiction in place
of prediction and feel equally satisfied that w e had the correct equations. Indeed, if w e do sim ple enough experim ents w e find that retrodicting is as good
as predicting w hen it com es to determining w hat shall be happening in the next
sequence of events either following or preceding.
In life, with all of its com plexity and its ultimate hum an measure, tim e
marches on. Fallen cracked eggs do not jum p off the floor into our outstretched hands. D ead loved ones do not reco nstitute them selves and resurrect.
We grow older each day not younger. H ow are w e to ever explain this scientifically and fundam entally? It w ould seem that w e are missing something essential w hen it com es to tim e.
Tw o bits of data w e know. C onscious experience of events and the second
law of therm odynam ics. T he first bit is subjective in its context w hile the second is purely objective. We certainly know that w e can think a thought, w rite a
sentence, and find the w ords are uniquely time ordered. We certainly know of
the fact that hot bodies cool dow n and cold bodies w arm up. Is there som e
connection betw een these data bits?
So far w e have no theory that connects them . W hile m uch as been done in
the objective arena to connect thermodynam ics and statistical mechanics to
quantum m echanics, even som e rem arkably clever insights, w e still do not
have a fundam ental theory connecting them . G iven Planck’ s constant, the
speed of light, the gravitational constant, and the m ass of any particle you wish
to mention, w e cannot derive B oltzm ann’ s rem arkable constant of nature.
In the w orld of subjective experience very little has been done by physicists
and for probably very good reason; no one know s w hat to do, w hat to measure,
or even if it is ethical to perform such m easurem ents even if w e knew w hat w e
w ere looking for. H ere L ibet’ s remarkable experim ents need special m ention.
A t least in them w e are provided with a clue concerning subjective time order.
Perhaps there is som ething fundamental in the notion that our equations are
not tim e order unique and the theory given here that according to subjective
experience w e need tw o or m ore separate events to have a single perception.
Perhaps this theory that a perceived event requires inform ation flowing from
end points com ing before it and after it, m uch like a string ed m usical instrument requires information com ing from its nodal end points to set up standing
w ave patterns of m usical harm ony, is a fundam ental requirement for both tim e
order uniqueness and subjective experience.
It w ould seem to me that now w e need to look tow ard altering our concept of
tim e in som e m anner, not that this is an easy thing to do. Perhaps w e should
begin with the idea that a single event in time is really as meaningless as a single event in space or a single velocity. Meaningful relation arises as a correspondence, a relationship with som e reference object. H ence an object’ s velocity is m eaningfully measurable with respect to another object’ s velocity as
the relative velocity betw een them . In a similar manner as I point out in this
paper, the timing of an event is also only m eaningful in reference to another
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tim ing event. W hen the end points or reference times for the events are not
specified, then only the relative interval becomes relevant. W hen that interval
lies within the lim itation of quantum uncertainty, the event referred to within
the interval must also lie within that uncertainty. F ailure to note this leads to
apparent timing paradoxes.
T he resolution of tem poral paradoxes particularly as they show them selves
in future quantum physical objective experim ents and in subjective tim ing experim ents will continue to require a new vision of tim e. Perhaps this paper will
assist us in our search for a new theory of tim e.
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