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Ab stract: We pres ent the der i va tion of the un cer tainty re la tion be tween the ar rival time reg is tered by a
de tec tor and the part of the mean en ergy of a par ti cle cor re spond ing to the de tec tor vol ume.

1. In tro duc tion

In our pre vi ous pa per [1] we pro posed an ex pres sion for the cal cu la tion of the ar rival time.
We con sid ered a (non-rel a tiv is tic) par ti cle which was cre ated at time t 0  and de scribed by
the wave packet j( ).
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where E t2 ( )¢  means that a par ti cle was sit u ated in the de tec tor at time ¢t . Now the prob a bil -
ity P t tD ( , )0  that a par ti cle en tered the de tec tor dur ing the time in ter val t t0 ,  is given by
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We pro posed the fol low ing ex pres sion for P E E( | )2 1 :
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The quan tity P E E( | )2 1  means that if E1  set in then also E2  set in with the prob a bil ity 
P E E( | )2 1 . On ac count of that we ex pressed P E E( | )2 1  through the YD  be cause if E1set in,
then the wave func tion of a con sid ered par ti cle is YD .

If we re duce the de tec tor to the point, say overrightarrow 
r
xD , then
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can be in ter preted as the den sity of prob a bil ity (with re spect to t) that the con sid ered par ti -
cle en tered the de tec tor at time t.

Now we can de fine the av er aged value of the time widehat $T t t= - 0  (ar rival-time) by
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The for mula (6) de fines the prob a bil ity dis tri bu tion for the ar rival time T and of fers
the pos si bil ity to de rive the un cer tainty re la tions be tween $T and $E, where $E is an op er a -
tor sat is fy ing [ $ , $ ]T E i= - . One in tu itively feels that $E is the op er a tor of the en ergy. But

what en ergy? We shall ana lyse this ques tion in the next sec tion.
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2. The Der i va tion of the Un cer tainty Re la tion
     be tween Time and En ergy

Let us now con sider the quan tity
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This quan tity can be in ter preted as av er aged value of the en ergy con tained in the de tec -
tor (we would like to note that it is av er aged over the time, too). Using the equa tion
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The wave packet j( )
r r
x x- 0  is be ing smudged and for t ® ¥ the func tion YD  will be -

come equal to zero in VD . Taking into consideration the fol low ing re la tions:
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where Q( )t t- 0  is the step func tion, then one re ceives for av er aged en ergy
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At the limit VD ® 0  the right hand side of (8) re duces to
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where the op er a tor $ ( )E i
d

dt
i t t= + -d 0  and the com mu ta tor be tween $T and $E is [ $ , $ ]T E i= -  . 

Now we can write D DET ³ 1 2/  , where

DT T T
D D

= -$ $2
2

DE E E
D D

= -$ $2
2

AR RIVAL TIME AND UN CER TAINTY RE LA TION                      5



3. Con cluding Re marks

There ex ist a lot of ap proaches to the prob lem (see e.g. [2-5]). None of them seems to
be gen er ally ac cepted [5]. As for our con sid er ations on the theme it is ev i dent that our pro -
posal of the so lu tion of the above men tioned prob lem is re lated to the very spe cific case
and dif fi cul ties may ap pear in other re al is tic cases. We also feel that some ideas and ap -
proaches used in our pa per re quire more de tailed and pre cise for mu la tions and ad di tional
crit i cal anal y ses.
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