





Vol.. 48 No. 7 JULY 1974

MITSUBISHI DENKI GIHO

SPECIAL ANTENNA EDITION

CONTENTS

SPECIALLY COLLECTED PAPERS

Twenty Years of Progress in Antennas for Terrestrial Microwave Relay Links-::---cvvooee- M. Watanahe - I. Takasu---798
Ten Years of Progress in Earth Station Antennas for International Communications '

.................................................................................................................. M. Nishida » H. Fukumuro---804
Recent Developments in Antenna Technology -+ e srserrrsreroneei T. Kitsuregawa---810
A Cassegrain Antenna for Experimental 20 GHz PCM Radio-Relay Systems )

~~~~~~~~~~~~~~~~~ T. Inoue « T. Takano « S. Hashiguchi « S. Tachikawa + S. Watanabe » Y. Takamatsu « H. Tanaka---814
An Antenna for the Yokosuka Experimental Earth Station for Satellite Communications

-------------- S. Shimada + M. Koyama « M. Shinji - H. Morikawa - S. Nishimura « M. Takeuchi « K. Tsukada -

............................................................................................. S. Betsudan + M. Mizusawa » T. Hashimoto---819
The Design and Characteristics of an Electrical Model of a Shaped-Beam Antenna for Japan’s Domestic

Communications Satellite

~~~~~~~~~~~~ M. Shinji « S. Shimada - G. Kondo - Y. Takeichi « T. Hashimoto « F. Takeda - T. Katagi - M. Ono---830
Trial Models of a 400 MHz Train Antenna for a Leaky Coaxial Cable Radio telephone System

......................................................... T. Kishimoto « Y. Takeichi- Y. Yokoyama « M. Ono » T. Numazaki---836
An Offset~-Fed Paraboloidal-Reflector Antenna for SHF-TV Receivers

................................................................ T. Saito - K. Konno - M. Mizusawa « K. Acki « H. Ushigome---841
Telemetering Antenna for the First and Third Stages of an N Vehicle

----------- S. Hasegawa + K. Nitta « S. Kawabata + M. Nakamura - S. Masuda - H. Kanbeshiyama - A. Hasegawa.--845
Simplified Eigenvalue Analysis of Large Radio Telescope Structures: ::: -« ooeeeoereennin K. Tsukada « Y. Takizawa.--850
A Cocoon-Shaped Corrugated Waveguide
B R R IR T P PP PP T P PE PP P PR RPRES S. Tachikawa « Y. Nakazato «+ M. Yamasaki - N. Ogoe + S. Watanabe « K. Abe..-857

TECHNICAL PAPERS

Electrooptical Range Meters: -  osoroorsirriiiiniiiiiiniii i T. Kitahara - Y. Habuka « M. Saito « K. Noro---863
High Efficiency Light Emitting Diode: -« oreeererorriiiinn A. Tto « K. Tkeda « T. Tanaka + M. Nagano------ 867
Compact X-Band Pin Diode Phase Shifters:----- K. Shirahata - T. Yahara - M. Nakatani « H. Hoshika - Y. Kadowaki --872
New Type Automatic Train Diagram Recording Apparatus: .- ..-cicooeeeoisiiniiin K. Torii « M, Ishimoto « T. Kawai---878
High Tension Combination Panels Type HC:--oo-ooterirmmiimmiii M. Kaku - F. Shimizu - M. Matsuki---884
Electron Beam Trajectory in Uniform-Field Accelerating Tubes: .-« +--vveeeerminivimiin H. Suzuki « S. Hiro---890

TECHNICAL LECTURE

Numerical Controller Series (4) Programming of Numerically Controlled Machine Tools
................................................................................................................. H. Tawaraguchj «T. Endo---894

PATENT AND UTILITY MODEL 861

COVER :

The Antenna at NTT’s Yokosuka Experimental Earth Station

This experimental antenna for domestic satellite communications at NTT’s Yokosuka Electrical Communications
Laboratory can be used in the 4, 6, 18, and 26 GHz bands by means of the frequency-switching multiple-access technique.
It can also perform automatic tracking in the VHF, 4 GHz and 18 GHz bands and perform telemetry and give commands
in.the VHF band. The diameter of the antenna is 12.8 meters, and the reflecting surfaces of the main and subre-
flectors ‘are shaped for high efficiency. The antenna feed is of the focused-beam type, using two reflectors (adapting to
the 4,6, 18 and 26 GHz baﬁdé) with the branching-filter system and the transmitting and receiving equipment perma-
nently installed on the ground. h

(The particulars shall be referred to the article entitled “An Antenna for the Yokosuka Experimental Earth Station
for Satellite Communications”).
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Twenty Years of Progress in Antennas for Terrestrial

Nippon Telegraph and Telephone Public Corporation.

Mitsubishi Electric Corp., Kamakura Works

Microwave Relay Links

Masanobu Watanabe
lsamu Takasu

Twenty years have passed since the 1954 opening of Japan’s first microwave relay links by the Nippon Telegraph and Telephone

Public Corporation. During this time microwave relay links have been built throughout Japan, this expansion has been accompanied

by the development of new frequency bands, multiplexing, and major improvements in communication reliability.  This in turn has

brought the development and practical use of a number of new types of microwave antennas for this kind of service. The first of

these was the pathlength lens antenna, followed by the parabolic antenna, horn reflector antenna, cassegrain antenna, and so on. In

addition to the efforts made to improve the electrical and mechanical characteristics of the antennas, progress has also been made in

simplification of site installation, and new waveguide feeders with improved performance have also been introduced.
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Path-length lens antenna for 4 GHz band.
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Dual circularly polarized parabolic antenna for 6 GHz band.
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B 3. #~-uU2uo2 7uFT
Hornreflector antenna.
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B 4. AP R
(EZ 8m)
Cassegrain antenna for the line-of-sight link between
main-island and Okinawa-island (diameter 8m).
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Performances of various type antenna.
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Comparison of horizontal pattern of various type antennas.
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Large antenna for the over-horizon link between
main-island and Okinawa-island.
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Ten Years of Progress in Earth Station Antennas for

Kokusai Denshin Denwa Co., Ltd.

International Communications

Masahiro Nishida - Hiroshi Fukumuro

During the past decade there bas been remarkable progress in the use of satellites for providing international telecommunication.

This article reviews the technological advance so far made in antennas system of earth stations in INTELSAT, with emphasis on

the major works for upgrading the antenna characteristies in KDD. Japan.

The characteristics of antenna are the most important factor with regard to the earth station performances as they relate closely

with the design of satellite link. Finally, same areas to be imposed on the further development of antenna system in the future are

briefly discussed.
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Requirements of earth station antenna for satellite system.
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(b) Hydrauhc equipment for the antenna at KDD’S
Yamaguch Earth Station.
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Recent Developments in Antenna Technology

Central Research Laboratory Takashi Kitsuregawa

Accompanying the expanding development of systems using electromagnetic waves is an increasing demand for antennas than can
perform new functions and perform better than older models. As a background report on the performance requirements and accom-
panying restrictions in each field, this article covers the recent trends of research and developnient and cites a number of actual examples

of antennas used in terrestrial microwave relay links, satellite communications earth stations, satellites, radar, and vehicular communications.
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A Cassegrain Antenna for Experimental 20GHz

Nippon Telegraph and Telephon Public Corporation
Mitsubishi Electric Corp., Kamakura Works

PCM Radio-Relay Systems

Takeo Inoue - Tadashi Takano « Sachio Hashiguchi
Seibei Tachikawa « Setsuo Watanabe
Yasuo Takamatsu « Hirokazu Tanaka

Mitsubishi Electric has developed a 20 GHz band cassegrain antenna with the object of mass production. To reduce the level of

spillover from the subreflector, and to make the side lobes smaller without reducing gain, the mirror surface of this antenna has been

modified. The antenna has been designed so that a fiber-reinforced polyester halfwave radome can be mounted on it to prevent

deterioration in antenna performance due to rain or snow. The vertex plate of the subreflector has been newly designed to improve

the input VSWR over the 17.7~21.2 GHz band. And a manufacturing process has also been developed by which the required surface

accuracy of the main reflector—which has a 1.8 meter diameter—can be achieved simply by press-shaping of an aluminum plate.

Lo A & &

ERERORRE KB LT, RREC T 5 RERENO —&%
¥ oTn3, &bIGEWERICE, KEOH v-L2 DboEsE
BOBEATFEINTED, COREL AICEEWICHLTY
RSB OERBEHNICRE N AIETH S 5, cD X5 AME
LT 3 2 R EC L D =) HiEE, REEEXTRIhLTH
%o E 7oiARIC X 2 ZERMERAFR L L TR BENMEENA S IR <
th, Lid@HESOD A 18GHz B LD BB 0ERHbE
FEBTRE,

HATIE B At BAEESE G VDT © & 20 GHz #-C 400
Mb/s @ Froan BEEFEETKPIRETTHTWED, Cric
FHEND 7o T BRBEZBRLODOTH I T L FHRDOC L
Adh, HEIRICE 17.7~21.2 GHz o EBEERE MAT 5 C &,
EEIERE L CREREKERELASOMER D 5o TbIC 2
120 HEEHRL wH LS LAEAZ C &, BRRECHT 3 2
~Pu B KEQ L BY, TOFGRHEERTK 4km 4500 1 2
L OFELDIIKA-TwE Y, BELERERZVES S CE P
BEREWICHAT 3, Lk CTHER T ERLENLL ED
BEGRHZZEB L T BERD o o, ¥ 2 PREEEHIE b RHEE,
Fay, RTEOEE ORI T YL LTHMO kD
DT BBERD 5 7P,

BILED X 5 A X bR 46 Eic B —EE ¢ L CBARA 135
EOBEY htdly 7ost 2BVEL, HAEHEZFHE L 2P 0 E 00
EWEM AT EC C ORERERE Y ST 2 THREBERHEL LT 7ust
FHWEL 7o, ERBEAD rort ORBREREVETOMERS LU
ZOHREHENHEE L DT, ThLEYEE L BKEVER BT
BoTnb,

BRI EBREIEA & L THWEL o 7usT OFREr s K UERE
Kowr@&fxb\ﬁ@%ﬁ*@%@momr@%@ﬁ%mﬁ%
T3,

¢ RAREEEAL o AKEREEARCD
814 + ZHWHE GO SRAINERT (TR *+ S0 (P SRARYERT

2. EXMZTE

20 GHz #F 7o57 RS0 OAREREEZ HD?MD&I@O
7u5T LHBILCTRD L 3 B2 b o Tn 3,

(1) 20GHz #-c400 Mb/s ® F,5aL EB5DEECHEH I 5,
T I AL © 5,760 BAF M EATIRECH B,

(2) Bk 17.7~21.2 GHz cHEHRIc LT 18% <& b
DTIEEETH B, ERITHEHDO D - & AW 4CGHz T 15%
THolk)

(3) - B OHPHEEE Lic ik Es, PikERe & DICRE SN D
DT, BEWREEREOLEN R .

(4) FZHHE L CRELE 7057 TH H, T RERIEE
I T EBERD B,

(5) FHEIEHESEL 2D FosT BB E LD THL 2D,
Lo T 7ust ICH LTRHIRDERT B L T BERDH B,

(1) {EMEcdh, »r2oBMTHARGTHE L,

(2) BEECGELA#EETHBIT L,

(3) 20GHz HH» LTHEOEHEE*E T L,

(4) ZFAREBNEORTF 4 7u5T THHT &,

(5) 7rust HEOEGED/PNE WL &,

(6) WfkEniehd, hlhick 33X FRBIEDOSHLIL 2
Fonmwic LTHHIBELRTELET/MEnT L,

(7) Wi L~ORBECH L ZBETH I L,

(8) 4rikss, WiERr OoERCHEL BT LT,

(9) VSWR D/hEni &,

(10) WEH, CAdwER OB L TER I ST
5T,

(1) FPREFRD 5L 25 () AFHEEILEDTYFD-F &
X CIATE LA DN &,

BlED X S 2BIECRIER O soub 24-F B A5H5 7ot B &
W =2 Y2108 FuFt TRKRD X 5 ARERED 57ce 20ub 20=F

&

SIEREI - Vol. 48 - No. 7 - 1974




Y = 1. #zy 9% htduy 7o OETREAE
7 Major performance of antennas.
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X 1. 1.8m¢LF-4 % 75T
1.8 meter antenna with radome.
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K 2. 1.8m¢ LF-4 & 7ors OFE

Outline drawing of 1.8 meter antenna with radome.
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Measurement of surface error.
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Contour map of surface error.
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Histogram of measured surface error.
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Details of efficiency and gain
(1.8 m¢, 19.35 GHz IC 2=t} 5 3H2L4H)
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Near-axis radiation patterns of 1.8 meter antenna with

radome.
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Wide-angle radiation pattern envelopes of 1.8 meter
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Near-axis radiation patterns of 3.3 meter antenna with

radome.
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Contour map of cross polarization.
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An Antenna for the Yokosuka EXxperimental Earth Station for
Satellite Communications

Nippon Telegraph and Telephone Public Corporation Sadakuni Shimada + Masaki Koyama - Masaaki Shinji
Mitsubishi Electric Corp., Communication Equipment Works Hiroshi Morikawa « Shozd Nishimura

Masakazu Takeuchi - Kenz6 Tsukada - Shinichi Betsudan

Mitsubishi Electric Corp., Kamakura Works Motoo Mizusawa « Tsutomu Hashimoto

An earth station antenna adapted to the multifrequency and multiple access system for domestic satellite communications has been
”/% developed for and installed at the Yokosuka Experimental Earth Station of Nippon Telegraph and Telephone Public Corporation.

The shaped-reflector Cassegrain antenna, with a diameter of 12.8 meters, has a high pointing accuracy. This has been made
possible by careful attention to the mechanical design as well as by the use of the high-precision reflector panels fabricated by the
stretch~forming process. The focused-beam feed system, which uses two focusing reflectors, makes possible not only the simultaneous
usage of four frequency bands-i. e., the 4, 6, 18 and 26 GHz bands-for communications but also the obtaining of automatic tracking
signals for the VHF, 4 GHz and 18 GHz bands. Since the throat of the primary horn is fixed (stationary) regardless of antenna movement
(El and Azimuth), such equipment as the waveguids feed assembly (multiplexing-demultiplexing assembly) and low-noise amplifier, etc.,
can be installed at the ground level. The maximum angular velocity of the electric motor drive system, which uses a thyristor leonard

is 2° per second.
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Antenna for experunental domestic satellite communications
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Transmission efficiency, —10 dB beamwidth and phase center.
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Antenna beamwidth and first sidelobe level.
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Configuration of multifrequency feed system.
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The Design and Characteristics of an Electrical Model of a

Shaped-Beam Antenna for Japan's Domestic
Communications Satellite
Masaaki Shinji + Sadakuni Shimada

Goro Kondo - Yoshihiro Takeichi - Tsutomu Hashimoto
Fumio Takeda - Takashi Katagi - Makoto Ono

Nippon Telegraph and Telephone Pudric Corporation
Mitsubishi Electric Corp., Kamakura Works

Studies are being made of the common use of 20 and 30 GHz bands and the 4 and 6 GHz bands, which are assigned satellite
communications. The former bands are to be used for communications in the main islands and the latter will also cover the outlying
islands. To develop an antenna system for this an electrical model was built comprising of satellite, a high-gain antenna of the shaped-
beam horn-reflector type and omnidirectional antennas for telemetry and command use, and its electrical characteristicé were measured.

The results of these measurements coincide very closely with calculated results, and show clearly that this type of antenna system

provides the electrical characteristics required for the domestic communications satellite antenna.
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Branching filter system
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Beam cross-section at the objective gain value(calculated).
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Block diagram of the branching filter systam.
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Axial ratio of the branching filter system.
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Beam cross-section at the objective gain value (measured).
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Trial Models of a 400MHz Train Antenna
for a Leaky Coaxial Cable Radictelephone System

Toshihiko Kishimoto
Yasunhori Yokoyama
Yoshihiro Takeichi » Makoto Ono - Tadashi Numazaki

Railway Technical Research Institute of JNR
Mitsubishi Electric Corp., Communication Equipment Works

Mitsubishi Electric Corp., Kamakura Works

In the radiotelephone system for new JNR trunk . lines, it is planned to use leaky coaxial cables installed along the railway lines as
fixed equipment. For the train antenna that will face this cable, a prototype of an 8-element slot-array antenna for flush installation in
the side of the train has been produced. Taking into consideration the radiation characteristics of the leaky coaxial cable, the radiation
characteristics of the antenna in the horizontal plane have been designed for a shaped beam having a maximum value in two directions.
Two types of antenna have been made with different beam widths in the vertical plane. These antennas have an input VSWR of less

than 2 : 1 on a 50 ohmcoaxial feeder. Actual tests of the antenna confirm that stable coupling with the leaky coaxial cable is achieved.

L & A ¢ &

BE, EGmEE, SR c R EE S X U ARE
Befv b5 400 MHz B FEREIRT T3, O
SRS w254 TR, 1RRIC D 5 R oHE & h iz 28+ BER
e T 3BE AR TS, COFRTRIEREOSE
RHIC X 5T, WHON, EHpoREc k3 BROEH,
vl WOREL FORMERD b, B 2 DT 7u5T DI
BRI L R d B2 2 BREHC X ) 20fER R LY, ot
L DWW TR £ W () R % 3% L CERR o S 2 v T
3,

S EEREEF EAR T, BT 8 et FIEEFICH L Fo4
L B OIS X O Fs EEOMARETE SR TE Y, ChEEH
T3 00ORFEEEAR L LT, 2R L F wREEES
Kic DT ik ORI S T RS L iR, WA v RhEE S
PR TH B & E N ,

coBRE, BICEMBEREL, coENBL D RRCRL N
FEISA & RO L, SRR W T 2 20 ok %) Lo km [
MR L, xRS, b Oz ~ERIC L b xFPIHEEEE
Fh5d0TH b, RIRCAIRCDH & o T W EIHERS 280 &
NTnB7H, COFRCrZmEAciEe % 3 AlEoNE D
BYR T TR EELBEOROERNEL TH AL, HAWVA
s % HEERH . LTHBIICRIF T2 32 SORERET 5.

A S R BN ot & LT, ChE TlRA Y
FSMS OB EAB ST A TE Y, 2oRFCEbE TR
VERBN BN TEA@OBO | v v wix, BIFEE Y205 585
DEBCEHLETHEH TNk 7u5T KOWT, 7ot FROBEHE
B ERICESTENEL . 7u5T OFEHE 3 X UVESAE T2 %
BE 7ot &R ~FIHHEE & O EHBOBELRET 5 b 0
TH 5,

* GEBITIERT *F gEAILEDT (i)
836 * W(EEHIET  HRERYEDT

2. 7ryFhHRAoE

2.1 EwEiia

BEEHH: LTHC bR 3L wREEHRBRER 1. Wiy X 5
Bl o Sk i —E R 20wk 281D, 2D 20wk 2 b O
LWERRZEECHY3 30 TH 5 OOOO HiRE LO& 2
Dwb 2 bDBL AKEER S W CEIRE O & 3 2 Mk
R L, ToORSAFREERICX - TEbT 3, BETEXN
T3 iEL - R 5 i 412~414.5 MHz (1|5
FE(E), B X U451.5~4524MHz (FIEZE) TH B, L AED
OB I & PSR i & T35 5 HH b T A h 149,
BLUT OHET BETIERANCHE A 2 RETT 5 Ay
7991t B TH B, R ik oMol BT S FEEk e A>T
w3,

Fa EHERSE 200 2oDWMLVWEDORL 5 4O B 2
HY, ThbEAHEA LR EIC LAR s THRL WROKEL 2
2 X5 KCiBE LT, SR coBHROME L i L TR~

N )

ﬁéﬁz‘s\(
A0y b

1. R &~ FE iR

Leaky coaxial cable.
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Communication system by means of leaky coaxial cables.
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Variety of the leaky coaxial cable layout.
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Structure of the unit for the linear array.

6. 20wk ToE—4du2
Impedance of the slot.

ad

T

S

1
*%

O~QUREHEHZT v b v~ 2BRERT.

7. 7u5T FRERIE ORI

Feeding network of the antenna.
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Structure of the unit for the zigzag array.
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SHF xS B BRI 7y b XFEKES Pv5¥
HHEBRIWR-S5 T E—

KR D HET - FARGEE - 4 A &

An Offset-Fed Paraboloidal-Reflector Antenna

for SHF-TV Receivers

NHK Taiji Saito « Kenichi Konno

Mitsubishi Electric Corp. Kamakura Works Motoo Mizusawa « Katsuhiko Aoki
Mitsubishi Electric Corp. Communication Equipment Works Hiroshi Ushigome

A receiving antenna for broadcasting in the 12 GHz band has been produced. A printed-circuit slot array was used with the idea
of making into a single unit the filter and mixer circuits connected to the primary radiator of the antenna. An offset—fed parabola is
employed to prevent blockage by the primary reflector and its circuits. The antenna has an aperture diameter of 0.6 meter, with a

gain of 34dB at 12,136 GHz and a beam width of 3°. A VSWR of better than 1.4:1 has been realized.
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3. SHF Jrik S8 3@ 1okw b A3fs pousT
Offset-fed paraboloidal reﬂector antenna for SHE-TV recivers.
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Various types of printed primary radiators.
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5. 4(2x2) #TF 20wt 7L DEME
Geometry of two-by-two slot array.
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Illustration of cavity.
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Telemetering Antenna for the First and Third Stages of an N Vehicle

National Space Development Agency of Japan Sadao Hasegawa - K6do Nitta
Shunichiro Kawabata « Masazumi Nakamura « Shéichi Masuda

Hiroshi Kanbeshiyama » Akira Hasegawa

Mitsubishi Electric Corp., Kamakura Works

This report concerns the eguipment for the telemetering antenna for the first and third stages of the N vehicle the National Space
Development Agency (NASDA) is planning to launch in 1975. This N wvehicle will be the rocket used to launch Japan’s first practical-
use satellite. The antenna must satisfy all NASDA requirements: not only those for the radiation pattern and gain at the beginning
of the launch through the final orbit but also these for the mechanical and thermal environmental conditions expected during flight.

This article describes the design philosophy, the radiation-pattern test data measured by using a scale model, voltage-breakdown tests at

high altitudes, and acoustical and aerodynamics heating tests. The antenna qualification tests have already been completed.
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Block diagram of voltage breakdown test of the
third stage antenna element.
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Voltage breakdown phenomenon of the third stage
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Photograph of voltage breakdown.
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Block diagram of acoustical test equipment.
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An spectrum of acoustical test of the first stage antenna element.
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Test temperature and applied current of the first stage
antenna element.
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Photograph of high temperature test of the first
stage antenna element.
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Simplified Eigenvalue Analysis of Large Radio

Communication Equipment Works

Telescope Structures

Kenzo Tsukada - Yukihiko Takizawa

Large radio telescopes used for observing wavelengths in the region of a few centimeters down to millimeters must have a surface

accuracy of better than 0.5 mm rms and a pointing accuracy of better than 0.005°. One method of obtaining high surface accuracy is

S. von Hoerner’s homology concept, which is effective when loading is static. For dynamic loading (such as in wind turdulence), the

eigenvalue (natural frequency and eigen function) of the structure (especially of the parabolic reflector) must be found. It is clear from

model analysis, however, that just as in the case of seismic excitation most of the response due to wind and other such loading factors

also depends on the mode of the lowest order. Matrix~reduction was used as a short method of calculation of the inherent lowest

order value of large constructions, which cannot be found directly by computer.
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Relation between deflections and beam shift.
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Results of eigen value.

# 1L K& D

B8 R

Results of the dynamic response to wind.
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A Cocoon-Shaped Corrugated Waveguide

Kamakura Works Seibei Tachikawa « Yasuomi Nakazato - Mizuho Yamasaki
Nobutomo Ogoe - Setsuo Watanabe « Koshi Abe

Mitsubishi Electric has developed a long-line flexible waveguide suitable for laying a feeder system that connects an antenna and a
repeater of a microwave link station in a manner analogous to a cable. It can be used in lengths of 20 to 100 meters, and promises
great savings in waveguide layout design and installation.  This waveguide has a cocoon-shaped cross section affording improvements
of transmission characteristics, and has corrugated walls for flexibility. The outer wall of the corrugated guide is provided with a
polyethylene jacket for increasing weatherproofing and upgrading the mechanical strength of the waveguide. The main characteristics
of this 6 GHz band waveguide are VSWR of less than 1.05, a transmission loss of less than 0.05dB/meter and a permissible bending

radins of 500 mm in the E-plane and 700 mm in the H-plane.
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Electrooptical Range Meters

Teruyoshi Kitahara - Yoshio Habuka - Mitsuo Saito - Kouhei Noro

An electrooptical range meter type MND-2 is a precision instrument to measure the distance of 10~1,000m in about 2 seconds

with a root mean square error + 1 cm.

The electrooptical range meter has come into use rapidly and widely in the surveying and constructing business world for last two

or three years and has revolutionalized the survey work.

Herein is described briefly first an electromagnetic range meter in general use to work with microwaves. Secondly outlined is the

electrooptical range meter MIND-2 in comparison with the above mentioned electromagnetic one, the survey principle being the contents

of explanation.
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High Efficiency Light Emitting Diode

Akiko Ito - Kenji Ikeda « Toshio Tanaka
Munehiko Nagano

Kamakura Works

A new type of light emitting diode with an advanced characteristics of high efficiency, high radiance, fast responce and long life

has been developed to be used as a light source of opto-electronic systems such as optical communication apparatus and electro-optical

distance meter.

The diode is fabricated into a double hetero-structure which has a Zn doped GaAs layer sandwiched by an n-and

a p-type (Ga, Al) As layers. The directionof light output is perpendicular to the plain of these stacked layers. The external efficiency

of the diode is about 1 9. Response time of light emission is very short and the light can be modulated in excess of 20 MHz.

Degradation phenomena have also been studied.
solder.
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It has been clarified that the degradation comes from a stress between crystal and

By reducing the stress, we have made it possible to get a long life of more than 10,000 hr under high current density of
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A surface photograph of degraded diode.
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not applied.
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Compact X-Band Pin Diode Phase Shifters
Kiyoshi Shirahata « Toshihiko Yahara « Masaaki Nakatani

Central Research Laboratory

Haruyuki Hoshika « Yoshinobu Kadowaki

This paper describes a 4-bit 360° X-band pin diode phase shifter designed smaller and more compact by the thin film microwave

integrated circuit techniques, using the alumina ceramic substrate coated with gold-cromium conductor.

The phase shifter is composed of two kinds of phase-shift sections :

loaded-line for smaller bits less than 90° and reflection for an

180° bit, from the view-point of required mumber of diodes, bandwidth, and size.

It is pointed out that the 3 dB branch line coupler for the 180° bit should be carefully fabricated.

The phase shifter, which is built on the substrate board of 35%15x0.64 mm? in size using LID pin diodes, has the performance of

VSWR < 1.5, insertion loss<(2.5 dB, and phase error< +5° in the frequency range of 9.1~9.7 GHz.
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Comparison among various diode phase shifters.
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Relation between the ratio of W/H (W : line width,
H : thickness of substrate) and the characteristic
impedance.
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Arrangement of 4-bit 360° phdse shifter.
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Photograph of the experimental X-band 4-b
369° pin diode phase shifter.
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£ 3. BVEXH 401 360° pin g1 Bl o4tk
Specifications of the experimental X-Land 4-b 360°
pin diode phase shifter.
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New Type Automatic Train Diagram Recording Apparatus

Computer Works

Kenta Torii - Masaaki Ishimoto « Toshio Kawai

A train diagram recording apparatus is a device to record graphically the locus of the running train on a recording paper by

automatic operation. It serves as an important means for the train operation instructs to obtain necessary information. It is

principally employed on CTC(Centralized Train Control) sections, where train information collected by CTC is used for recording the

position of train automatically in reference to the time through its function. A direct recording type which has been_ in use heretofore

is displaced by a new type recorder of indirect operation developed and put into practice recently. This article introduces this new

achievement.
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Controller circuit system diagram.
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High Tension Combination Panels Type HC

Nagasaki Works Masahiro Kaku * Fumitaka Shimizu » Motoo Matsuki

With the trend of main circuit apparatus being made smaller in size, 3/6kV high tension combination panels have come into
general use by being stacked in numbers. Also with the prevalence of vacuum contactors and the strong demand for air break
contactors, the demand has become active for combination panels capable of equipping either vacuum or air break contactors.

Type HC high tension combination panels are the ones developed to meet with the requirement and are attempted to be arranged
in a series for each grade of the JEM standard.

This report describes the advantages, construction and performance of each model of type HC panels in the series.
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7? HC-S panel.

£

EHBH

E oo
O! slishapsg T L 4 — T
§ T Tk
) (f590)
Hi s ]. o
|l
(?j!.l N3} TEA
b - ({45
Wy - 7 s
L -7
B 3. HC-A S 40 0 b i & 4498 <+ &
Construction and outline dimensions of HC-A panel.
600 1300
m—ND -
I

R7Av B

[B3
i
B
% o} ‘} et
. B 2; Bzl
e el 13
i Sk
1 +
u
" (#12N3)
s —7Uq, PR =TTy b
VR ST mameT ()

BE ZEBT-T

B4 HCE R 41 o & 4B ik
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HC-E panel interlock switch.

HC % &R aotz—vsy Az« I0SE » K « 4K

o~

BB OBED R 12wt & C OBIRET O CIhE KR
WAZT b, B 1w ~OBEHEEHE E - TR 3,
¥ 7, S avaoz i BV DR hA- BT, BIE 20z

28 DFTICARAECN S C L 2B LT, EE&mDOM L%E 5
Tnd, HEEERANRSETIZC D hA- @ b ICHEEMICERT &
HTnd,

MW FOICREMCERS 2 D -2 8, E8FT, L fzuz
ToF, ARG - HHEEAT, MWECHIE U EHERNTK
ICHIZ AL CRHT T B, €O RDMEEO/NBAL A C & EiE
THRELCHE JL- 2ERT BT ENTE S, F—Ju DFERARG
HIEElEE & iy —2 R o SO AR T, 2[RI I B R IR
& r—2 HEOBIEWT (2 B2 OB LB OILERFD ~51A
F, BRFAEE R AR T~F 1AL,

3.2 HCE <z

Mg JEM-1153E 552 )KL Cwn b, Eosa ik A~D os2 %
WETZ2CEEDBLATHLA, ERETBECARERT - S5k
DEGE h b DEIE 3808 OF LT, HEM P LDOEH ba-A
LT vz QBB 1va0w0 ORETH 5.

FThDLLE A KORT L LGB BRI Sowy CLFHRH &
Ww9) KB ba~F - I Juaos - BHBFAZHRS - 4R TR 4
a*wﬂ%iﬂfﬁa!@ﬁ%iﬁ%%%~a% LTowzd 0% FLICHEL T %,

OBEEGLOERMN, AFHE D Jvosusy WX Y B
Lo TH Y, BHEE X5 ANME L YR ic 100 MM #§)9-
5 EMBhE e b, CONETREIERM- bEME D,

—75, HEEREE 252500, D72ty O LARET %ﬁﬁﬁ Ly
-2 BIFERA & BEGE LT b, SEIEIBKIETMINE C b IR (I v st
TREER MR L C B, AELOEE 1usos OWlE 52t %
HIICHH T E B,

F7 1k HC-A fan & FEEEEIC A -2« 507 - {1 L faw - (R
Yu—, HEEIICHE YL~ FEAT TR,

¥, RO 2HEoMBcE sy,
T 12wb OBFHICKE L THIHBRO B R RNRCPL 32 X 5
R LTWE,

—, B ta—A LEE 2va02 ORIOBEIRN 12000 11, & B
D_EICET b 108000 21vF KX VRS Tn5, (R 5.)
T D 12000 214wF REIWAYHEENS 2 BR T 2 & BRI SR
ICEHET LA- BT, €O UA- B -2 /lD0 2twr RGN
{vR0w2 2fwF 25 TLOCK) CHEEZ % 5 ANE 7 b HIEAE
~, Ei, HHRME2LE I ANMB~DTHTCLEERTFEEL LT
¥Y, qvgowy TUNLOCK) CiGI#G LA~ B30T h, 5 A
<FIHLAEBE A5, ABFEIMICHE 102092 2155 TLOCK]
PV CEESMSARCE AL o TR B,

3.3 HC-S/<xA

HC-S Az i HC-E 1o & b MM vestg 2 8my, & U
B B COARBE O D 2 W I RS BV RS AR A B T, & b ICHRIE
iz ORI 40 HlEi-cE s L rEHIN, KE  BHICHE
RTE LRERTD S,

(1) —etd

PEROTIHITBRIEA G, B « BFEE & Fikeic B Ehidks
WAEER, AEME DICHEL 5 A L FERICGEE S 2ETH
578, HC-S % Br@EMsEgs»HL, s bichdkv3 20
FEEEEZHDT D,

885



— 766

4 v
B 6. HC-S fxn DOREE J:é’HP l
(M LA- BT (rid % /r\J )
Construction and outline dimensions of HC-S panel.
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Truck drawn out on an extension rail.
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Performance of air break type high tension contactors.
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Performance of vacuum break type high tension contactors.
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Standards for selecting HC panel.

e [TV HC-$-<4 " %
~A SR ~E oS 3 -SSR %
wpm !
BN T SRV o o o
E 6kV e} O(E LHZe) @]
B A e} o o
MoC A E o) o e}
THF-.-¢7
B i3 ® X X X ANz y b D
« i T
B 12. HC-S f#y £ & & nEam 0 © ©
Bus arrangement of HC-S panel’ noow  # © © ©
n ¥ T A A A
F oy kAN — R A Py AN
1 LDSI% BHE % 7.7 JEM-1153 A7 TR E7 72 E7 7%
é] é‘*j‘.é‘ el ‘ . !32'\5 ’ Bl JEM-128 | MI272 | Més5% | Mé77%
PF ﬁ] e B U B % % 5)
;it % a— & — 7 LA N N A
% Vs ;152 652 3[52 ;f;;?} iR | 125SQ%3C | 1258QXx3C | 1258QX3C gﬁ;ﬁﬁg%g
L 4/57\:-77,} 7 , — ARK SQ AR | 100SQX3C | 100SQX3C | 100SQX3C |# vy 7 2 AHE
] 5t R TRz 1 ~o
11 PR 352 e TN - © ©
CT3 A // 13} Léfr{}_’} T 4 600 A o e} o
3-52 /’ ) | =l al i @ & ik 000 A A a A
s2f/ /7 (A il ?D = BB H B K 2 3 3
. 52 L] 57 g "
[ Fhkfrravz cx J\ ?9 i} i+ 7 v AR e} e} O
U e 3¢ | : BIp T (& W o o o
A
WMIWh 2 — % o o) e}
5 P - o
R 13. HZXEREMIENR (A x-a+ 3 Eyu-) 0BRGN BIEE Y ° O
Connection diagram of vacuum break type magnetic @ % P OCR © o ©
contactor self contained (A meter+3 E relay). # oy v - o o o
gy | Sohs v 5 7 2 o o o
‘ M| WS v 2oz o) o o
. ' 600+ —1300— k700~ 3
RE00 -1000-- ol i % T ES o) o) o)
g) = 18 L =
J o EL e ‘ * BEEE | O o o
AT a Anmm o o o
1] S bt
< 8 ° % ¢ W B o o o
. YT b A A o o)
¢ 0 BT ew A o [}
HC—A sin He—E s Ho—S emm OHIREMNS A HAEBICHIETAE  AEIRMER X BT WA
K14 HCAz LN+ HEK 1,000 A GEEFER
Outline dimensions of HC panel. 1,200 A--- - S HR
R 4. whERERE, B 9. L <, 10. cBRA 5 ¥ & 7R (2) JEiEaE
e FHRD B E G
5.3 E
ﬁﬁ#;g?; F:2.04-l-><1_29>< 10-8 (kg)
(1) BEMRE e
F- Y-, HEIY, 3E Y- TR SENTAEETD 225, Fo o mHRcgds 57 (k)
EEfHT 218-2 OBk E, 3E yu- ##EE LTn 3, L RRRA S REREIRR (cm)
ENa-7 L OWF, pIUEEHEESHEOBEOCRREX - BHEHE F EREE (cm)
11, R, Is- - AR ER

(2) iR HC-S A21 D54, BHEREBERARK 12. o sch-THY, I=

BEiARc Ly, TR Y- ORfFHTHTFEETD 5, 45(cm), a=13.6(cm) TH 3,

FEREHIR B (Is) B ta—A O L «WiAE 250 MVA (44kA at
ELy 1) SR LOE & ZCT & 3,300V) kcwtL, FRFEIRICE Y, BA3IKA (HEE DEL A
TR CWG 8 ZCT & ZPT x5S 3, CALDER LRRXCH TR B TH S &, BHFRCD Hdwk

100 A BEHhR #75kg ThH o, BHEERchicH L TIs0kg LB Y TR %
COG 78 BEHRER UL - hoTwd, xEAO HCy)-X KO THRIBETH B,

5.4 & %

6, ¥y—=& =X

(1) = #

600 A fF% Ze b 71z BHR HC-S Sz DN v—ro2 28 13. 1GR3,

888 SEEE A - Vol. 48« No. 7+ 1974



4

2

[

St

e’

o
&

G

[

CrAnanatszeg) | SLAZE(DSIAARPIHE)
1000 =T 10—
- L Tr Pr
DSA -4t |
T I
or [ 15 3
<1 i ‘ DS .
— & 1 ! 9
o ! — 3
ey
= 52 CJ r:
i ALY
i
VT AR 51 (DS Am BT
—r E— 1500+ | T = 1500——
Tegrr | - -1000 = —=500CTE 1, 700 -~ tooo S0
et N ——— ps ’H‘fm f !
i52 i T i
e 2 I ’
H g L [ 8 DS Laglop
&l 1 @ ! <
B L] Le P
12 |lag | |2l &G
[ d'i?ﬁ’i ¢ [ Sif".
Ak i g

T e 1500
%{CT Ul
5 :
cFip syl a2

s 3T D—I

"L 2
W=
AR
i [DQ:;W\‘V v
| -

B 15. HC-A £ % 1 o It H #
Example of HC-A panel application.
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Example of HC-S panel application.
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Electron Beam Trajectory in Uniform-Field

Central Research Laboratory

Accelerating Tubes

Hiroyoshi Suzuki « Sanju Hiro

For electrostatic accelerators are used generally the uniform field accelerating tubes. Especially in electron accelerators extensively

applied to radiation chemical processes, these tubes are in frequent use. Recently higher current accelerators (several hundred mAs)

are required in industrial fields. To insure successful operation electron beam dynamics should be closely analyzed and the electron

are made to pass through the accelerating tube without bombarding the electrode.

In this paper is described a case when the numerical method is mainly applied to analyzing the lens action in the region of entrance

to the the accelarating tube and to malking the beam orbits clear in the tube.

Elkind’s method.
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Comparison is ‘made between this calculation and the
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