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Whether a membrane model can generate massless particles in the spectrum is studied by calculating 
the Casimir energy. 

§ 1. Introduction 

String theories have opened a new area in quantum field theory, i.e., the field theory 
of extended objects. Although the notion of the field for non-locally extended object can 
be traced back to the article by Yukawa in 1950,1) the theory has been known to have a 
number of difficulties2

) such as the causality trouble, the existence of ghosts, distresses in 
introducing interactions, etc. 

The success of string field theories,3) however, taught us how to overcome these 
problems. First, the theory must be so made that the model represents a continuously 
extended matter which is causal as a classical theory. Second, the model should have 
high enough local symmetry to eliminate all negative norm components of coordinates. 
Third, when one introduces interactions between extended objects, the continuity condi
tion of the world manifold should be imposed. Thereparametrization invariance of the 
world manifold swept out by the extended body seems to be necessary at least. Fourth, 
when the model is quantized, there occur a number of quantum mechanical anomalies.4

) 

These must be eliminated by adjusting some parameters, such as dimensions of space-time. 
However, when it comes to the question whether the extended object model can be a 

unification theory of fundamental interactions, it is another problem. In string theories 
we know that there appear always massless spin one and two particles which play the 
roles of gauge particle and graviton in certain critical dimensions.5

) In this article we 
address ourselves to this problem and ask whether massless particles ate able to be 
expected6

) in the membrane model, for instance. 
This problem is also related with the speculation that the superstring might be a thin 

limit of a membrane.7l As will be discussed below, we can answer this question by 
calculating the Casimir energy· of a membrane. 

In the following we will first make simple observations about classical and quantum 
mechanics of extended objects. Then we will point out that a spin-mass relationship (the 
Regge trajectory) can be calculable in an infinite limit of string tension. This enables us 
to judge whether massless particles appear or not. In a simple membrane model we show 
our calculations. 

*) Work supported in part by the Grant-in-Aid for Scientific Research from the Ministry of Education, Science 
and Culture (# 61540202) and the Grant-in-Aid for Co· operative Research (# 61306010). 
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