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    Charts of the complex function C exp(—jC)=Ctanh (T exp jr))/(T exp jr) are given for 
 dielectric measurements based on Roberts and von Hippel's method. The ranges of T and r 

 to be found with the charts are the values of 0.5 to 3.0 and 58° to 90° respectively. Since 
 the charts are intended to be useful for measurements on media with medium and high 
 dielectric loss, emphasis is laid on the r range of 58° to 85° which corresponds to that of 

 the dissipation factor from 2.0 to 0.2. 

   There have been several methods developed for measurements of dielectric 
constants and loss factors in the region of microwave frequencies". The principle 
of methods depends on the frequency range concerned, the magnitude of dielectric 
constant and loss, and some other factors. 

   In the course of measurements on dielectric properties of polar molecules, 
it has been necessary to measure the complex dielectric constants of polar 
liquids in a frequency range of 300 Mc to 6 Gc. In order to obtain the fre-
quency dependence of the dielectric constant at several different frequencies, 
the short-circuit method by Roberts and von Hippel2' is most preferable in which 
the dielectric constant and loss can be evaluated by solving the complex func-
tion 

                  Cexp(—= tanh CTexp(jr))  T exp (j7) 
where 

C exp(—j!") = —j Rod 
                           T exp UT) = rad, 

7a=as+i~a, 

Z~ is the normalized input impedance at the face of a dielectric specimen, d the 

length of the specimen, 10 the phase constant in the air-filled waveguide, 7e the 

propagation constant in the dieletric-filled waveguide, and as and Qa the attenua-
tion and phase constants. 

   The propagation constant is related to the dielectric constant and loss, c' 

and e", by the equation for the TE modes 

as 2Z - 2,o  )211/24—1/2 
            Rd),oE/ 2,/J112C(1+D2)iiz+1~~ 

*dN: t ! —, f 
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                           Charts of Cpmplex Function 

where  20 is the wavelength in free space, d, the cut-off wavelength of the 

waveguide and D=E" /Cc' —(20/1,02) the dissipation factor in the dielectric-filled 
waveguide. For the TEM mode in coaxial line the equation simplifies to 

                        ad
—2,r E/1/2if  (1+E/~2`\1/21/2                                                         _12 

       led20 t2,\EI+ 

The magnitude and angle, 4d and q5d, of the propagation constant rd are given by 

rd=4d exp(9cd), 

                         2,1/21/4 

          ~o-------lE'~-----°~(1+D2) , 
                                      for the TE mode 

              ~~d=tan-1(1+D2)"2+1 '1/2 (1+ D2)"2 —1 

                2z-E'/ \ 211/4 d=.„E/1/2 1 +Ao(------E' /I J , 
                                    for the TEM mode 

           Ad=tari Ij 
Cl+(E"/E')2)v2±1  

Using these equations one can determine E' and E" from the measured quantities, 
Z4, d, and A0. 

   Following the original chart by Roberts and von Hippel, more detailed charts 

for finding T and z from C and C values have been made available which cover 
the ranges of 0 to 7.0 for T and 70° to 90° for r3). The charts given here range 

from 0.5 to 3.0 for T and from 58° to 90° for r. By extending the range of r 

value down to 58°, the high dielectric loss to be encountered in the case of 
dielectric absorption of polar liquids can be easily evaluated from the charts. 

Thus the r range of 58° to 85° is emphasized which is that of 2.0 to 0.2 in terms 

of the dissipation factor D, while the details for r values greater than 85° are 
omitted, since the purpose of this work is concerned with measurements of 

medium and high dielectric loss. 

   The whole range is covered by 11 charts in which C is the ordinate and C 

or 1/C the absissa : 

         Chart 1. C, 0° to 45° ; C, 0.95 to 1.575. 

          Chart 2. C, 0° to 45° ; C, 1.525 to 2.15. 

         Chart 3. C, 0° to 90° ; 1/C, 0 to 0.625. 

         Chart 4. C, 55° to 100° ; 1/C, 1.3 to 3.8. 

         Chart 5. C, 40° to 85° ; C, 0.7 to 1.325. 

         Chart 6. C, 40° to 85° ; C, 1.275 to 1.9. 

         Chart 7. C, 80° to 125° ; C, 0 to 0.625. 
         Chart 8. C, 80° to 125° ; C, 0.7 to 1.325. 

          Chart 9. C, 80° to 125° ; C, 1.275 to 1.9. 

         Chart 10. C, 90° to 180° ; C, 0 to 1.225. 
         Chart 11. C, 0° to 180° ; 1/C, 0 to 1.225. 

   All calculations were made using KDC-I Digital Computer of Kyoto Uni-

versity. The authors wish to thank Miss K. Tatsumi for drawing charts. 
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                                Chart 3. ζ,σ to 90'; 1/C, O toα625.
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                Chart 4. ζ,55。 to 100。;1/C,1.3 to 3.8.
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                           Chart 5. ζ,4σ to 85ユ;C,0.7 to 1.325.



      } 羅1馨 彗華羅譲i・・一, :寮鷺齢罵 茎。製一…馨?ギ「「F!2警 深こ下こτ1∵1一葬ギ 攣 「⊃ τヨ

       難ゆlli難隷 黙 牽 軽1鎌……。1壕 峯 レ衆 ト ー瓢二辞 執

         雛1勢1憂{1率ぐ『墜i三琴{1丑£募響 謬～1く:き1饗
       袴 攣 鰍Ll_;。 慧 一‡。_。.阯 。～1_十 郭 其。←。㌫ .1.。 ∴∫ごN遍

ζ1鍵縫1鐙 鑑1壼1＼lr二「{溺葦::1雛螺 ギ盤曄淵1

         雛奪:『1‡鴬賦振ご・ご 量まゴゴ翼ゴ左‡:血麟叢『・
         ㍑.: _紅 。___頭 ∴_ば 一L 汐 鑑 ∴.∵ ほ 。蕊_難 。 ;一 議 、 ヒL。 薦_脇_義 よ i_
       輪

           毒藩           藝・4          嚢・5     c     is           l・ア           書・8           1.9

                                Chart 6  ζ,40。 to 85。,C,1275 to 19,



α 莚  *● c α3
. .t3.4、_、 、 、 ○.5,一. ,α ¢

         Chart 7. ζ,80'to 125';C, O to O,625.
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        1⑳u-† 十臥 ・,陸く岨慧 二十竹セ →i∫ 一 … 〃    ～ …τ 

           購》覧漫Sこ芝‡llU;イ  嘩   冒コ
                             ヲ    も    サ        セ        び                                                      の

        縫◎ 峯 一; ・ ・  一・ 一一一一 ・ 一 ・一一 一一ト ー一南一・ 窄  一 一・・                            一一 一一一一・

∴蔭 ≒1奪懇 曇一.禽 飾
            、 ……『 … r}r… 磐…雪  ギ     '  1-「 納 一 P  '             舳r怒黄 守 ・    ,

           li;出辻二藻 鼠 一r土 ド1・'鼠 こllll l. 。1一ご髭 1

        鱒i難,}曽1-3一 十轄1釜ゴ長 才 ド!i  ゴIL工 醤i

           i拝1モ累]疑 辱 妻モ;≒津liてユー一蔓s匙1婆 慧
           i錘。』il滑r・・  1、   。,, ..i  i  4  -一 ・ レ 計 レ ードi'日.叢 ≧        

鱒 …:嚢i謂" 二7～  -・"._」..i:1:∬ ・:.,;騨 郵 ' " ぬし 。三」 一漁 。」_ユ 「 i}一・・欄 講 毒             
購     嫉     播   C  雛     1・7     1・$     1ゑ

                                  Chart 9. ζ,「80._to至125。;C,1.275 to 19
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