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ORGANIZATION OF THE RADIO RESEARCH LABORATORIES (s of aprit 1, 1971)

— Planning and Support Division
Project Support Section
Technical Service Section

— Technical Consulting Division -

|— International Radio Affairs Research Section
— Frequency Utilization Research Section

— Radio Application Research Section

L Communication Systems Advisory Section

— Information Processing Division

— Information Processing Research Section

— Computer Applications Research Section

‘— Computer System-Research and Service Section

— Radio Wave Division

Radio Propagation Research Section
Ionospheric Radio Prediction Section
Space Physics Section

Radio Meteorology Section

|— Artificial Satellite Research Division
Communication Satellite Research Section
Tonospheric Satellite Research Section
Data Acquisition System Research Section

— Communication System and Apparatus Division

|- Communication Systems Section

— Speech Processing Resgarch Section

|— System Performance Research Section

|— Standards and Measurements Research Section
|— Applied Radio Physics Section

— Oceanic Communications Section

'— Communication Apparatus Section

— Frequency Standard Division

|— Atomic Standards Section

|— Standard Frequency and Time Research Section

- Standard Frequency and Time Dissemination Section

— Special Research Section for Space Physics

|— Special Research Section for Ionosphere Experiments

— Special Research Section for Radio Physics

— Special Research Section for Precision Quartz Resonators

\— Administrative Division
General Affairs Section
Accounts Section

— Kashima Branch
I: Space Communications Section
Space Research Section

— Hiraiso Branch
Upper Atmospheric Research Section
Solar Radio Research Section

W akkanai Radio Wave Observatory

Akita Radio Wave Observatory
Inubo Radio Wave Observatory

Yamaga{va Radio Wave Observatory

- Basic Research on Qceanic

Pl
k

and coordination publication, and public relations.
Technical information, library, communications and engineering work-
shop.

Research and investigation necessary for utilization of radio waves (in
ternational radio affairs, space and marine development, etc.)

Information processing and research for increase in efficiency of its
conveyance.
Research in the application of an electronic computer.

Research in the characteristics of radio wave and related phenomena
of the i hpere and atmospherics.

Research on radio forecasts, radio warnings, aerospace, and ionospheric
observations in Antarctica.

The basic designing of satellites for communication and for the
ionosphere, and the basic research on the apparatus on board.

Acquisition and disposal of the data gained by the i pheric satellite
and studies in the system. -

Research on the radiocommunication system and routes.

Research on measurement of radio waves and on their standardization.

Research on analysis and disposition of the voice.

Basic studies in the relation between radio waves and the property of
matter and in radio apparatus with the property of matter applied to.

Communication Sistems.

Governmental type approval, performance test, and calibration of radio
apparatus and devices.

Research for the atomic frequency standards.

Determination of the standard freq y value and mai of the
atomic time on its basis.

Transmission on the standard freq ies of time si
for radio warning.

For the above purposes, research on precision metrology, the develop-
ment of utilization, the international comparison, and so on.

ls and bulletins

Synthetic studies in space physics.

Experimental research in the ionosphere by the use of satellite fre-
quencies.

Theoretical research in the characteristics of radio waves and the
ionosphere.

Research in highly stable quartz.

Taking charge of the general affairs, documents, personnel affairs,
salanes and wages, and the welfare of the personnel.

* Budget planning, acts of obligation for various supplies, and taking
charge of the gevernment property and of articles and commeodities for
maintenance purposes.

Research and development of space communications.
Expermental research on cosmical space with radio waves.

Researches in radio propagation and the mnosphere .

Observations and studies necessary for radio warning, measurement of’
HF field intensity on the international standard, and observations and stud-
ies of solar and cosmical radio waves.

" Observations of the ionosphere and geomagnetism, and studies of radio
propagation.

Observations of the ionosphere and studies of radio propagation.
Observations and studies of radio propagation.

Observations of the ionosphere and studies of radio propagation.
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The observational result of the ionosphere gives the most important
information on the conditions of radio propagation of LF to VHF bands,
and the data most contributory to the investigation of physical characteristics
of the ionosphere itself. Therefore, among various countries in the world
are exchanged the observational data obtained by regular ionospheric
sounding on a world-wide basis. The ionospheric observatories at present
number about 170 all over the world, and the ionosphere is being clarified
with the exception of some parts of the ocean and the polar regions.

This records the observed electron densities and height of the reflection
layer of the ionosphere measured by radiating vertical impulse waves up
from the ground. This observational recording is dealt with daily by the
method adopted internationally and is published monthly in the “lonoSpheric
Data in Japan™ for distribution among the Agencies concerned at home and
abroad.
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In addition, Observations of the ionosphere and researchs in aeronomy
are being carried out at Syowa Base in Anterctica.

o4 |9 (BE#IMENE)  Rocket Experimeut at Syowa Base
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Objective Regions of Rabio Forecasts and Radio Propagational Paths

[J---Leading cities, (O--Waters, Curves show radio propagational paths.
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RADIO FORECASTS AND WARNINGS

RADIO FORECASTS

The radio forecasts estimate the frequencies and power for efficient
use in stable communications between two places at a certain time, and are
very important for designing and operating HF-band radio circuits. The
Radio Research Laboratories are carrying on the service of radio fore-
casting of three months ahead for leading cities at home and abroad and for
the waters where merchantmen or fishing fleets are on voyage.

RADIO WARNINGS

The ionosphere is influenced by the sun’s activity and various phenomena
of the earth not only to increase or decrease ionization density always, but
also sometimes to create ionospheric disturbances. Consequently, HF
radiocommunication in particular encounters considerable difficulties.
Therefore, radio warnings are requested to predict such troubles in regard
to the time and degree of occurrence. At the Radio Research Laboratories,
for warning against radiocommunication hindrance, the Hiraiso Branch is
collecting, through the Regional Warning Center for Ursigram and World
Days Service, varied information on variations in the field intensity of
long-distance propagation, spatial radio waves, geomagnetics, earth current,
etc., and daily observational data on the sun and various geophysical phe-
nomena at many observatories at home and abroad. The radio warnings
are broadeast on the standard frequencies (JJY) by the Radio Research
Laboratories. Some are sent to the specified Agencies by telephone, tele-
gram, or post.
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ARTIFICIAL SATELLITES
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The ground-based ionospheric observation by radio waves does not
clarify the conditions above the height of the maximum electron density of
the ionosphere. Therefore, the ionospheric observation is carried out by a
“topside-sounding satellite” carrying an ionosonde on board and flying in
the upper region of the ionosphere. The Radio Research Laboratories took
part in the International Satellites for lonospheric Studies (Alouette/ISIS)
project in August, 1966, and are carrying on observations around Japan.
The photograph is the ionogram obtained by an international topside-
sounding satellite. Such recording gives the entire picture of distribution
of electron densities in the ionosphere (N-h profile), interdependent on the
ionogram obtained on the ground.
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The international ionospheric satellite observes whistlers, radio waves
produced in lightning discharge and propagating along the geomagnetic
field lines, and various audio radio waves originating in the magnetosphere.
Such photograph as shown here affords information on the structure of
the upper ionosphere and the magnetosphere. The topside sounding
satellite also observes extra-terrestrial radio waves in the hectometric
wave region, which can not be observed from the ground. The character-
istics of galactic and solar radio emissions were clarified by this means.
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OBSERVATIONS OF
THE SILAR AT RSN TR SR
- EXPERIMENT ON THE TRANS-EQUATGRIAL
RADIO PROPAGATION
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Observations of the solar radio emissions at four frequencies, 100, 200, 500 and 9500 MHz, o il SRR, SRIRNEN: F ol e, SR, RAERT o8
are c;;l:e:lngn at H:raisothrhanch on a routine basis. WMETLE->TWET, . Bz, vy e —#HB2F .y FTREEETZE SR O Path Sounder # LI
el b;st :nd . das:ltf:;'gs \;ery frequlently associated with the solar optical KGECT7 v 729 aHIHIC, KEEBHEN S— 2 b LHFE WERAAT-EE L LS
spectrum. The type IV bur,st on metric w_\a\relel:g‘;h:ei\::ase;uylp;:r at;mitt'::mlff V::;:l:"n at?d NEMEANIGE G 2N oAb AR T MEREE i BRL=A k2 ) O R L= KA oA HReR St o
smﬂ;? (;'1 example of the type IV burst recorded at Hiraiso on 200 MHz is shown in :hfpﬁltﬁ. OPOBEGREN, LLZENBON—Z b2 A —FBIEH OfT, LAk E 4 MHz 4 564MHz £ TS, SASICLBHK
graph). The observational data are p d in the Ionospheric Data in Japan. b s EHBERO TR L bIoTwET (ER BHSTEREOBRA, EREEONES L UVERE—FOWEETE- T
£ 200MHz 2BlbN 2 NE S — 2 b ) BRERIESEFL & 5 +,
BT rdn—onFE E LT, 4FroBEEREFICLME
TR The continued propagational experiment in the VHE bands (32 ~ 102 R TEL G DT {5 46 52 1k ]
s i i , 1964, : :
MHz, continuous wave) was commenced in August between Trans—Equatorlal Pr opagation Paths

Yamagawa Radio Wave Observatory and Darwin, North-Australia. at
approximately conjugate points of the magnetic equator. The VHF radio
waves propagate in special ionospheric propagational mode almost across
the magnetic equator. For the explanation of this mode, the path sounder,
Granger Associates Model 902, was installed at Yamagawa Radio Wave
Observatory, and the variable step frequency pulse was varied from 4 to p £ iy
64 MHz In cooperation with the path sounders at St. Kilda, South- ; R g,
Australia, and Townsville, Queensland, we are engaged in the observation _ ] AR AR 1 2
of the equatorial ionosphere, the measurement of field strength, and the = : -

study of radio wave propagational mode by oblique incidence.
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At Kashima Branch, a large parabolic antenna 30 meters in 13GHz= 4 7 o [al# ) i 5] 6212MHz 1 otk ‘ low
diameter was erected in 1963, and experiments on space communi- Gwl-l R LI LI P RERT 7 GHz micro- transmitting Eer::mmmml system noise amp.
cations were started by the use of NASA's relay satellite. On the Iliik terzm?l:ca]rowave wave l“i'k equipment L T
occasion of Tokyo Olympiad in 1964, Kashima Station contributed to terming l
the first successful international relay of TV pictures via Syncom 3. B e[S TTMIC  E SR kS i S _h

In 1966, ATS-1(Applications Technology Satellite) was launched, —i —————f——— r
and with this satellite, experiment based on PCM was carried out on Micro- S s ey 13{5‘ MHz i |
the multiple access system. In 1968, another parabolic antenna 26 Wal\;e 4178MHz | I | 7’; F7h k7w % (R St - = 1
meters in diameter was constructed, and with this antenna another - ;:at{on 13GHz= 4 7 v [ RS SR E I 4178, 4195MHz ; e
multiple access experiment based on the SSB-PM system was per- &= 7GHz~4 7 @i at Mt. it 15 4178MHz (4135, 4!19}1;{:3 I I Prog]::am :E'ackinzg |
formed with the result that this system was superior to the former i R Faukubi 13 GHz micro- wide band | %7 s a h‘a'i: ms_t sibyigrisind :
in the channel capacity. 7 GHz microwave wave link receiving I | eI

Further, these is under development and preliminary test a new =sw—| link terminal terminal equipment I 4178 & 4!95 I I ek _J
multiple access system, SSRA (Spread Spectrum Random Access). I MHz precise — —— — t—
The SSRA system is capable of linking many stations simultaneously, ) tl‘?’-‘-:(il:stif; | l B oW % E |
ranging from small stations aboard aircraft and ship to large earth | E:a:kinag I I I
stations. J receiver Station clock |

In addition, there took place observations of cloud pictures hy |
SSCC (Spin Scan Cloud Camera), experiments on the simultaneous FHiBRER l I - J
transmission of color TV and multiplex audio signals, R & RR Miscgﬂ aneous ! W e i —"— " @ &
measurement for determining the satellite position, and tracking = PPE— A e LT, P — —T= terminal equipment I I
experiments for“Ohsumi” the first Japanese satellite, and “Tansei”, '-FrELéX termj?nnl —1 TELEX terminal r._-,_ I Operation
another Japanese satellite. —=t— [ T Tl I Fe MRS console

The above two parabolic antennas are used also for radio | Hoa xR I
astronomy, i.e. investigation of background radiation from the IAESR ﬁﬂltﬁ 4 Digital equip.
Galaxy, observation of the Galaxy H Il regions, and regular observa- Domestic and ﬂ‘;‘;‘::;‘;o::l for antenna Dt
tion of quasars. International g;smt::lg | processor

RHEF R |______________j Mo E
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TWX 35 NASA TrF+i AT T¥TTYAT L Colli mation
e - 30 METER ANTENNA
26 METER ANTENNA SYSTEM
SYSTEM
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The Radio Research Laboratories have been involved in the artificial
satellite development programs since 1967; but after the establishment of
the National Space Development Agency (NASDA) on October 1, 1969,
the projects for construction of the satellites were transferred to the
Agency, and our Laboratories are carrying out the basic research on
artificial satellites. .

As for the Ionosphere Sounding Satellites (ISS), there are being
conducted researches on the basic designing of the future sounding satellite
system and development of the mission equipments. Further, the data
acquisition system for ISS is now under the first stage of construction
within Kashima earth station.

As for the Experimental Communication Satellites (ECS), there are
under study the general problems of satellite communication system and of
a millimeter wave repeater for use on board satellite. Besides, millimeter
wave propagation is under investigation by reception of solar noise at
35 GHz, for the puz;pose of clarifying the earth-to-space propagational
character in this wave band, especially of determining the extent of
attenuation due to rain and the space diversity effect.

0005 I AL R

Data Acquisition and Processing System for the lonospheric Sounding Satellite.
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Calibration Svstem for Mass Spectrometer used in Satellite.

Ionosonde
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RESEARCH ON ARTIFICIAL SATELLITES
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DATA ACQUISITION AND PRGCESSING SYSTEM
FOR THE IONOSPHERIC SOUNDING SATELLITE

After the ionospheric sounding satellite is put into orbit, the data acquisition
facilities, data processing system and communications link are required for utilizing
the satellite. These facilities are to be constructed sequentially according to the
schedule of development of the satellite or rocket. Those facilities now under
construction or starting construction in the near future at Kashima Branch are as
follows: A parabolic antenna 18 meters in diameter for telemetry reception, telemetry
receivers, a tracking receiver, an analog magnetic. tape unit, a command encoder, a
VHF command transmitter, a VHF command antenna. remote-control consoles, the
timing system. etc.

Further. in order to complete the data acquisition and processing systems, the
real-time data processor and a collimation tower will be added at Kashima, and the
data processing system including a large-scale computer will be constructed at
Kokubuniji. In addition, a communication link will be established between Kokubunji
and Kashima.
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DEVELOPMENT IN LASER RADAR SYSTEM

It is generally known that the atmospheric con-
struction up to abeut 100 km in height can be observed
by the use of high-powered ruby laser beam, and we
can detect the meteoric dust and the aerosol layer
that can not be observed with usual radio waves.

If we make good use of the resonance scattering
method as laser radar, the scattering intencity in-
creases much higher as compared with Rayleigh scat-
ter. These phenomena enable us to apply the mass-
spectroscopy of gas at the desired height. In our
Laboratories is under development the Dye Laser
easy to handle and having wide oscillating range.

Since last year, we have developed the laser radar
system for measuring air pollution material. For this
purpose, studies have been carried on in the most
suitable wavelength of the transmitting laser pulse,
the quantitative analysis of pollution material by
digitalizing the received laser power, the effect of
miscellaneous light such as the solar light, and so
forth.

Moreover, this year we started the basic research
on the laser propagation in the sea in order to obtain
a new communication system for the promotion of the
exploitation of the ocean.

L —3 - 258 Laser Transceiver.
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LASER
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Heterodyne Detection of CO= Laser through the Turbulent Atmosphere.

HETERODYNE DETECTION OF CO, LASER THROUGH
THE TURBULENT ATMOSPHERE
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There were constructed a tunable single frequency COz laser and
atmospheric temperature-difference meters. Simultaneous measurement of
atmospheric turbulence and heterodyne efficiency of the laser through the
atmosphere is now in performance.
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APPLICATION OF COMPUTERS

The application of an electronic computer widens day after day to
information processing, simulation of research on the communication sys-
tem, orbital computation for satellite communications, data processing on
radio observations, calculation of numerical values in various researches,
and so on. For these reasons, the efficient use of computers, the study of
soft wares, and research in new radio technique making use of electronic
computers are now in progress.

RADA H{E %84 ® Experimental Apparatus of RADA Communication
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Automatic Recognition of Hand-Writing Characlers
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INFORMATION PROCESSING

It is considered that speech and characters contain much redundance
from the viewpoint of information. If this redundant part can be eliminated,
the level of transmission efficiency will be raised. Therfore, studies are in
progress on the sampling of characters, speech, figures, etc. as patterns and
on the method of coding and automatic recognition of them.
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RESEARCHES ON COMMUNICATION SYSTEM

On account of limited radio bandwindths available, it is necessary to
make the most of bandwidths in order to meet the increasing demand for
radio waves. For this reason, in communications that do not necessarily
require continuous working, many stations can make common use of wide
frequency bands for working as occasion calls. This system is called “RADA"
(Random Access Discrete Address) communication system. For studies in
its modulation system and the field of its application, experimental simulation
by computer and experiments by trial appliances are in progress.
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1MHz AT # « FRMEET  Superhigh-Q 1MHz AT-cut Crystal Resonator:
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Image Simulation Equipment
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RESEARCHES ON HIGH-STABILITY
CRYSTAL RESONATOR
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In recent years many high-stability quartz oscillators very easy of handl-
ing have been produced, but in order to bring them into full play, the
continuous operation for several weeks or months is required. In order that
such defect may be overcome and a quartz oscillator may have much less
difference of frequency variation between long and short periods of time,
the Radio Research Laboratories have entered into studies for development
of superhigh @ and high-stability crystal resonators. The photograph shows
al MHz AT-cut crystal resonator manufactured on trial at the Laboratories
lately. It is small-sized and designed to be strong against mechanical or
thermal shock. The @ ( =w L/R) is approximately 2.2 x107.
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In addition to improvement in the hydrogen maser as the Service station and experimental stations for the standard frequencies LF 40kHz Transmitting Antenna (Kemigawa Station)
primary standard, the development and research of the atomic &% B
frequency standard of other atoms or systems are in progress. SERVICE £ L 0]
and studies in the frequency stability of various oscillators on STATION EXPERIMENTAL STATIONS
the basis of the hydrogen maser are being carried on. I
: y For the dissemination of the standard frequency and time
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As the standard for determination of the frequency

and time interval, the calendar time based on the re-
volution of the earth has been adopted for many years,
but its accuracy remains within about one part in 10 =%,

Therefore, the atomic frequency standard utilizing
the invariability of the atomic peculiar vibrations was
adopted at the International Conference for the de-
finition of the frequency and time interval.

The hydrogen maser developed in the Radio
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The time signals on the standard frequency are emitted with very high
ThEd, accuracy and stability for users in many fields. "
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RESEARCH IN AND
GOVERNMENTAL TYPE
APPROVAL AND PERFORMAMANCE
TEST OF RADIO APPARATUS
AND DEVICES
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Testing Equip for C ication Circuits, and Calibration Test for
Measuring Apparatus
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Vibration Test
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RESEARCH IN RADIO APPARATUS AND DEVICES

For the effectual utilization of radio waves, there are in progress studies in the testing
equipment necessary for the determination of the plan for establishment of radio stations,
of frequency assignment, and of the technical standard of radio equipment, and in the ap-
paratus necessary for calibration,

Principal items of researches are as follows:

(1) Development of the synthetic testing equipment for obtaining quantitatively the rela-
tion of the traffic quality of radiocommunication circuits to the performance required
of the equipment used in the circuits;

(2) Development of the automatic recording equipment of spurious emissions;

(3) Establishment and improvement of various high-frequency working standards;

(4) Relation of interference in adjacent circuits to the modulation characteristics of trans-
mitters;

(5) The minimum field intensity required by types of modulation;

(6) Method of testing for the evaluation of reliability of ¢ ication equipment under
various environmental conditions;

(7) Method of calibration of the measuring equipment in use for Radio Regulatory pur-

. poses;

(8) Development and improvement of various testing instruments in use for type approval

and calibration purposes.
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TYPE APPROVAL OF RADIO
APPARATUS AND DEVICES

In accordance with the Radio Apparatus Type Test Regulations, the type aproval
isgiven on application for testing from radio apparatus manufactures,In this case, if the
apparatus or devices tested conform to the said Regulations, the Minister of Posts and
Telecommunications will issue to the applicant a certificate of success in test and will an-
nounce the matter in the Official Gazette and the Official Report of the Ministry.

Principal kinds of apparatus subject to type approval are as follows: _

(1) Those making sure of safety of navigation (automatic alarm signal receivers, radio
direction-finders, radip apparatus for survival craft, aircraft transmitters and receiv-
ers);

(2) T)hose to be compulsorily equipped with at radio stations for the sake of Radio-Ad-
ministration (frequency meters);

(3) Those ry for maint e of the technical standard of radio equipment pro-
vided for by law(FM and SSB transmitters and receivers, radio equipment in the simple
radio service, automatic distress informing transmitters, radio buoys, radio transmit-
ters in the meteorological aids service, and equipment utilizing high frequencies).
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CALIBRATION OF RADIO REGULATORY
MEASURING EQUIPMENT

The working standards of various radio frequencies are under develop-
ment, and with the equipment for calibration on this basis, the service of cal-
ibration is being carried on.

The working standards established so far are as follows:

(1) Power,

(2) Field intensity,

(3) Voltage and current on high frequencies,
(4) Radio frequencies,

(5) Occupied frequency bandwidth.

The service of ealibration chiefly deals with measuring equipment for use
in Radio Administration, but manufacturers, users, etc. in general may
make use of this service.
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PERFORMANCE TEST

The radio apparatus and devices which are the objects of govern mental
type approval highfrequency measurement, and the radio apparatus and
devices with which radio stations requiring no licence are to be equipped,
are tested and, upon the request of manufacturers, users, etc., the per
formance records are issued.
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Testing of Field Strength Meter
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Official Testing Equipment
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ACOUSTIC SOUNDING OF
THE TROPOSPHERIC LAYERS STUDY ON
THE STRUCTURE OF THE LOWER

Tropospheric layers is now in progress by the use of acoustic sounding technique.
The acoustic sounder is basically a radar set, but sound pulses are used in place of

WY 7S AR, BEOED ) HICRET 5K radi‘;ﬂ?lse&_d :
o - e : ulse width: 60, 120 milli sec.
Hﬂ*ﬁ@@ L L U R BRRE. BEE &> TEHAS Pulse repetition period: 3, 6, 12 sec.
ﬁfg&ﬁ. *4‘#%‘& Klliﬂfp'ﬁ'f'ﬂéﬁa‘)?:ﬁn i“a—o Sound frequency: 850 Hz
The Ursigram broadcasting system is applied to the rapid Peak output power: 100 W

service for researchers and observatories as the world-wide com-
munication network. Its message contains two kinds of informa-
tions; one is the solar and terrestrial data on the sun, geomagnet-
ism, cosmic rays, ionosphere, etc., closely related to radio
propagation, and the other is “Advance Alert”, “Geophysical
Alert”, etc. The type of messages is regulated under the Inter-
national Ursigram World Days Service(IUWDS) as the international
organization.

The Radio Research Laboratories have taken on the role
of the Western Pasific Regional Center since the establishment of
the International Geophysical Year (IGY) in 1957, and the
Ursigrams have been exchanged with four other Regional Centers
(Paris, France; Boulder, U.S.A.; Moscow, U.S.S.R.; and Sydney,
Australia).

VN3 75 LEIEE  URSIGRAM Broadeast Transmitter
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URSIGRAM BROADCASTING

TEERG - REFIC 2 £> 7 —  World Data Center for the Tonosphere,
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A Center :

WDC A Upper Atmospher Geophysics NOAA, Boulder, Colorado,
80302 USA
B Center : WDC B-2, IZMIRAN P/O Akademgorodok, Moscow Region,
i\ USSR
C. Center : Radio and Space Research Station, Ditton Park, Slough, Bucks
UK

C:z Center : Radio Research Laboratories, Ministry of Posts and Telecommunica-

tions, Nukui-Kitamachi Koganei-shi, Tokyo, 184 Japan
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PUBLICATION OF RESULTS OF RESEARCHES

The results of researches at the Radio Researeh Laboratories are made public
twice a year (in spring and autumn) for use by not only the members of the Ministry
but also the general public. In addition, at the monthly consultatory meeting ofthe
personnel of the Laboratories, the results of researches concluded are reported
one after another.
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