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On the effect of two extended dead tîmes in series 

Jorg W. Müller 

The purpose of this note is to determine in an exact way the influence of two 
consecutive dead times of the extended type on the count rate if they are inserted 
into a sequence of pulses. The original process, which may be due to the decays 
of a radioactive source r is assumed to be of the Poisson type (Fig. 1). It will be 
shown that insertion of the first de ad time '"C', contrary to na ive expeetation, 
results in increasing the count rate R at the output rather than diminishing it, 
a result which - at first sight at least - seems to be at variance with common sense 
which eonsiders a dead time as a passive element causing always losses of CO~..!1.t$.-
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Fig. 1: Schematic arrangement of the experiment 

As has been seen earlîer in the treatment of the analogous problem for non
extended dead times [1] ' the only case of real interest is for 1:: > l,.' since 
otherwîse the second dead time would have no influence at 011. We con therefore 
put 

1;' :; 0;.' L- with 0 ~ ex: ~ 1 • 

ln order to evaluate the effect of the de ad tîmes, ît is praetical to consider 
first the time distribution of the events. Thereby we assume that detection and 
amplïfieation of the pulses from the source (with sufficiently long half-l ife 

(1) 
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to neglect decay during the measurement) result in a random selection among 
011 the particles emitted by the source l without any additional time distortion. 
The sequence of pulses reaching the first dead time circuit is thus still Poissonian 
with a mean count rote? 1 including finite solid ongle and detection efficiency. 
The corresponding density for the time differences between subsequent pulses is 
therefore a simple exponential 

1 for t > 0 • (2) 

The effect of on extended dead time on the interval density has been studied 
earl ier in detai! f21 . It follows from formula (21) giventhere that the time 
distribution of thë Pulses which have passed the first dead time 1: 1 is given by 

00 

F(t) = 2: A.(t) 
j=l 1 

, 

(_1),-1 
where Aj(t) = U(t - i LI). (, _ 1)! 

and U is the unit step function. 

(3) 

The rote of the process at this point in the circuit (between the two dead Hmes) 
is easily found to be given by 

yi = - g tel f . e 

It is weil known that an extended dead time of length 1; has the effect of 

(4) 

el iminating any pulse the distance of which with respect to its predecessor is 
smaller than L . But instead of determining the new Înterval density - a task 
which would be quite cumbersome, we note that for evaluating the resulting 
count rote it is sufficient to know the relative percentage P of the pulses which 
ore eliminated by 'l . 

Since F(t) is normalized to unit y, 

" ~'. , .... 
thi s fraction is given by 

r 
'ï::: 

P = J F(t) dt. = ~ [A.(t) 
i=l 1 

dt = 5 ( 
1 

J 
j= 

J 
A.(t) dt => p. , 

1 j=l 1 
o o ï[l 

where J = [[l/o<J] is the largest integer below 1/0( = G/'"t 1 

(5) 

Once P is known, the final experimental count rate R after both deod tÎmes is 
simply determined by 

R = .r 1 • (1 - P) 

The only remoining problem therefore consists of evaluoting (5). For this 
purpose let us consider the integral 

(6) 
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0-( o-)i- 1 ,"" , = 5<- ~I't. oe-lfd.Lo(l_iO'.)1 
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, (7) 

for i < 1/0( 

With the abbreviation (C == x , this results, according to (5), in a relative loss P 
due to the second dead time 't of 

J (_x)j-1 -j <x x 
(1 - iex)i p = ~ Pi = x • ~ • e • . , 

1 i=1 1 • 

~ (_ 1)i-1 
·ex (1 - i~~i = -i O( x • e 

'-1 i 1 1- • 
(8) 

The rate R of partîcles at the end of both dead tîmes (Cl('t" and T 1 in this order) 
is thus given by (6) os 

S
· J [ - x (1 - i'x n j ) 

R =se- fOC. (1 - P) =fe -!Xx '11 + > -----:.~I--_ • e -jO:x t 
l j=l 1. f 

",' ~' ,-.. 
ln particula"r let us denote by R tl1e cou nt rate at the output in the absence 

o 
of a first dead time, i.e. for 0< = O. 

We con then put 

R = RoT , 
o 

where T is a transmission factor which indicates the relative change in the 
output count rate due to the presence of Cl. 

S ince by analogy with (4) we have 

R f 
- fT = . e 1 

o 

• (9) 

(10) 

(11 ) 
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the transm ission turns out to be 

~ jCr')] j 
"\ 

R x (1-0(.) · {l J [- x(1 -i~x l T = = e +2 R • 1 
e J 0 j=l 1. 

J [- x(1 - i'X}Ji x(l-jCX) 
= 

-~x L (12) e • 
• 1 e 

j=O 1 • '-
with 

x = f'cc , 

cJ... = rrl/ 'r- t.. and -. 

J = t[l/O\Jl 
- ....! 

Numerical values of T as a function of 0\ , calculated on the IBM 1130 computer 
of the BIPM, are given for various parameters x by the graphs in Fig. 2. A closer 
inspection of the transmission T( ex.) shows that it has in the range 0 ~ 0( ~ 1 
a single maximum - again in contrast to the more complicated structure found 
earlier for the non-extended case r11 - and becomes unit y at the ends. Whereas 
this maximum lies at 0'... = 3/2 for ~e;y low val ues of the parameter x = f rr i 
its position is steadily shifted towards smaller ratios C>< if x increases, reaching 

d;. = 1/2 for x .~ 2 .. 5"~ We note in passing that for ail values of 0( which are 
below the position of the maximum, an increase of the first dead time -CI augments 
the output rate R. If x «1, the behaviour of T con be approximated by 

T "" 1 1 2 
for 0 + 2" (O<x) 0< -~ 

and 
+ x2

(1 
2 2 

T '"" 1 -o<.)-2x (1 1. - -~) for <X -!;> 

The fact thât T always exceeds unit y show(.;~ thet '1:. 1
, insteed of producing 

eddHional losses (as we probably anticipated), hes just the opposite effect. 
But since e de ad time clearly cannot produce additional pulses, the cause for 
the surprising effect needs an indirect explanation. In fact, the first dead time 'l' 
deforms the initial exponentiel intervel density in such a way that the subsequent 

, elimination of pulses by 1: is much less effective than it would have been if 
1: 1 were absent. 

Thus in contrast to the result for two non-extended dead times [1 J where 1;1 
always produced additional losses, in the case of the extended type discussed here 
the first dead time has the unexpected opposite effect of reducing the losses, and 
augmenting thereby the experimental count rates at the output. The first tentative 
experiments tend to confirm very weil the theoretical expectation described 
above with regard to sign as we Il as to the magnitude of the effect. 
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Fig. 2a. - Transmission (actor T for x from 0.05 to 0.5 
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Fig. 2b. - Transmission factor T for x from 0.5 to5.0 
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