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ABSTRACT
In this work we have discussed the condition ofemas light of quantum zeno effect and

measurement theory. In this paper we discussedirtii@mtions of Bloembergen’s three level
maser theory and shown that,)2v.,is valid for the entire situation.
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INTRODUCTION

The three level masers require sources of satgrabn pumping power at frequencies
approximately doubles the signal frequency. Furihés observed that in an assembly, other
factors are being fixed, an increase in numbermtai bringsthe system closer together which
increases intersystem interactions and so the abowdition is no longer validn this work we
have discussed the condition of maser in lightudrqum zeno effect and measurement theory.
In this paper we discussed the limitations of Blbengen’s three level maser theory and shown
that v,,)2v,,is valid for the entire situation. The analysisgenet in this paper is simple but it

opens a new path for the actual mechanism invdlvélge Bloembergen’s maser.

Bloembergen'’s three level maser

The three level method of population inversion wwasally proposed by Basov and Prokhorov
[1] who suggested it for application in a moleculaeam apparatus. Bloembergen [2]
subsequently suggested that the method could bdilyreapplicable to diamagnetic solids
containing weak concentration of paramagnetic ipresented the theoretical treatment of the
three level maser. A three level system shown gnlf-ithe stationary states are characterized by
energy E and resonant frequencies
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Figure 1: Three level maser scheme

At thermal equilibrium the populations decrease wittreéasing energy of state and the assel
will absorb energy from an incident radiation fielippose two radiation fields are incident
an assembly, one a yentense one, with frequency near the resorv,,and a very weak one

neanw,, If the field atv,,is sufficiently intense (1, 3) transition may beusated with the resu

that n, On, D%(nle +nze) where n°,n,° and n,° are the populations in the state 1,2an

e

respectively. Also the total number of atoms Niiseg by N = nle +n, + nseAssuming
that this saturation process does not disturb yetes in state it is reasonable to believe tha
condition may be realized in whicn,°)n,°, in which case the assembly is in a emis
state relative to field at frequerv,,.Further if it is assumed that relaxation procesmses
operative in the assembly and that they are chemaetd by transition probabiliti

—_ —hv; kT . . .
rij —r,-ie : , and i,j=1,2,3. The transition (1, 3) is assumed to be saturated atuintens
field at frequency,,while a weak field frequelyv,, is assumed to induce transitions betw

states 2 and 3.The induced transitions probalsilfte the system per unit time are designate
, B13=B31. andB,; = B,,. From the rate of equation it can be obtainedthe assembly will emit

power at a rate

Nhv., ([.v,. =T,V
- 32( 12¥ 21 23Y 32 ]823 (2)

KT (M, +lM+B,,

For B,; far from the value required for saturation, and &lirI"; equal, wherei, j = 1,23s0

I, =T, =T, and by neglectin(B,;in the denominator of the equatic2) then the equation
becomes

1IN hv hv
=§§(k—-|%l_ k.FZ)Bz3hV32 (3)

The net power is positive only whil,,v,.(I' LV, andv,, =v,, —V,,
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I—23V32
So ——=(V;, — Vs,
12

r
V31> V32 (1 + r_23 (4)

12

For I, =T,,it is obtained thatv,,)2v,,.Thus the three level masers requires sources of

saturating or pumping power at frequencies apprateiy doubles the signal frequency. The
three level masers require sources of saturatimguomping power at frequencies approximately
double the signal frequency. Further it is obserthed in an assembly, other factors are being
fixed, an increase in N yields an increas€,inThe operation will be improved in this process

but it has some limitationg he increase in N results in bringing the system closer together
which increases intersystem interactions and so the analysis given above is no longer valid.

Measurement and Quantum Zeno Effect

Frequent measurementshibits the transitions between quantum stakes wasbased on the
usual quantum theory of measurement involving gt@a operators, showed that an unstable
particle which was continuously observed to seié decayed would never be found to do so.
Later, several authors [3-6] studied the problerd generalized disturbance introduced into a
guantum system by a performed measurements toitiohilof transitions or quantum jumps as
the frequency of observation or measurement wasased. This dynamical behavior is widely
known as Quantum Zeno effect. The Quantum Zenateffas become a topic of great interest
in the areas of polarized light[3],the physics dbras and atomic ions[6,7-8],neutron
physics[8],quantum tunneling[9-11] , Quantum ogfi2$ and Lasing without inversion[7,13-14]
etc.The quantum mechanical view of the world haspalled us to reshape and revise our ideas
of reality and notions of cause, effect and measarg. The probability of finding the system in
its initial state after being left to itself for @ertain period of timet is termed as survival
probability and for very short time limit it can beitten as

PM)=(-1)....
T

For N equal spaced measurements over a time p@,idd. If r is the time interval between two
measurements, thén= N7 . Let us assumed that the measurements are médeeattime T/N,
2T/N... (N-1)T/N and T are instantaneous. So the isahprobability after N measurements,
which is in the limit of continuous measurements

y T2 Y
LtNAmP (T)thqu[:L_NTrzj =1
It is seen in equation (1) that the state will seevfor a time T goes to 1 in the limit N goes to
infinity, means that the continuous measurementsiallg prevent the system from ever
decaying. The seminal formulation of quantum Zerfi@ecé deals with the probability of
observing an unstable system in its initial statedghout a time interval.

155
Scholars Research Library



R. K. Dubey Arch. Phy. Res,, 2011, 2 (4):153-157

DISCUSSION AND CONCLUSION

The limitation of Bloembergen’s three level masesstem is brought in the notice of
measurement theory and consider each interactioa asasurement. Further we write the
equation (4) without disturbing the generality as

ﬁ{l—ﬁq ©)

I_12 |/31

Where t represent time of operation. As increas&l irquation (3) brings the system closer
together which increases intersystem interactions decrease irP, at large value of N. We

would like to judge the matter in the light of quam measurement theory and quantum Zeno
effect. If we consider the intersystem interacé@measurement then each measurement will the
atom to be in their initial state. If we considee time interval [0, T] and interaction takes place
in the interval, the time required per interactwitl be as T/n,T/n-1,T/n-2........ T. Here we will
write the equation (5) for n number of measurenmean approximate form as

(hj - (1_ @tj
rlZ I/31

Here t=T/n and we also consider n increases taitgfthen the equation can be written as

Lt (M) _ Lt v T (6)
n—- oo rlz n—- oo V31 n

The right hand sides of equation will be 1 alwaysom this equation we find the condition
M, =r,;, sowe can conclude that whatever be the valué, af it represents more interaction

then we can say the above relatig)2v.,,is valid for all. The equation (6) represents Quant

Zeno effect. Here in this work it was consideregl ithtersystem interaction as measurement then
each measurement will cease the atom to be in ithigal state. Though our work is simple in
nature but it will give rise of explanation of vauis phenomenon laser theory like lasing without
inversion just in connection with the Bloembergethsory.
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