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초 록

For a number field 𝑘 and odd prime 𝑝, we investigate the 
gap between  the condition for a finite cyclic 𝑝-extension 𝐾/𝑘
to be ℤ𝑝-extendable and the condition ℤ [𝐾: 𝑘|𝑝𝑟ℤ-extendable for 

all 𝑟 ≥ 0 where the second condition is said to be cyclic 
𝑝∞-extendable in this paper. 
For the Galois group 𝐺𝑆 of the maximal 𝑝∞ -ramified extension of 
𝑘 and the 𝑝𝑟th roots 𝜇𝑝𝑟 of unity, we describe the Shafarevich-Tate 

groupⅢ 1(𝐺𝑆, 𝜇𝑝𝑟) as the quotient of two subgroups  of the idele 

group of  𝑘 such that the numerator is connected to the condition of 
ℤ𝑝 -extendable and the denominator to the condition of cyclic 

𝑝∞-extendable. 
For a number field 𝑘, the Leopoldt conjecture for (𝑘, 𝑝) can be shown 

to be equivalent to |Ⅲ 1 𝐺𝑆, 𝜇𝑝𝑟 |
𝑟∈𝑁

< ∞, and for almost all odd 

primes 𝑝, we show under the Leopoldt conjecture that the small-est

integer 𝑝𝑠 which makes the sequence |Ⅲ 1 𝐺𝑆, 𝜇𝑝𝑟 |
𝑝𝑟≥𝑝𝑠

constant is equal to the exponent of the torsion subgroup of the 

maximal 𝑝 -subgroup of the abelianize-tion 𝐺𝑆
𝑎𝑏 of 𝐺𝑆.

In this case, we can evaluate explicitly the residue 𝑟𝑒𝑠𝑠=1ζ𝑝 𝑘, 𝑠 of 

the p-adic zeta function ζ𝑝 𝑘, 𝑠 at 𝑠=1 when 𝑘 is  totally real.
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