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SUMMARY

¥ MISCELLANEOUS TARGETS
TAPANESE ULTRA-VIOLET COMMUNICATIONS EQUIFMENT
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2 “ :

Considerable research had been conducted by the Japanese prior to
the war on ultra violet communications equipment for the purpose of presenting
photographic pictures on; television screens. Reprints of the articles pub=
1ished on this work have veen shipped to the Naval Research Lahroratories
through ATIS via NavTechJap Document Number ND50-5843, Specific application
of ultra-violet light communications equipment to military uses was antici-
pated, although none but experimental models were produced. 1t was thought
however, that two advantages could be found in such equipment. First, high
intensity mercury lamp light sour 1d be modulated easily; second, fil-

. ters could be designed to pass only the very short ultra-violet wave langths

" not transmitted by normal nlira-violet light filters. Thus equipment with a
high degree of security, would be obtained.
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‘Lécation,of-Target: : _
Heat and LiéhtuDepartment, Second Naval Technical Institute, ZﬁSHI
- Nippon Electric Company, KYOTO (Navy source of mercufy tubes).
Tokyo Technical College, TOKYO (ultra violet filters).
Physicébgepartment, Osaka Imperial University, OSAKA,
Mitsu;ishi Electric Company, ITAMI (near OSAKA).
Japanese-Péréonnelﬁlnterviewed: '
' Captain K. AOKI, Second Naval Technical Institute, ZUSHI.
Professor V. HOSHINO, Tokyo Tec@nical College.
Frofessor T. ASADi, Osaka Imperi;; University.

Mr, M, HORI, Director of the Mitsubishi Hlectric éompany Laboratory
at AMAGASAKT (near OSAKA). :

Mr. T. ONAHA, Manager of Englneering, Itami Plant of ths Mitsubishi
Electric Company. )
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The Japanese development of ultra-violet communications equipment
paralleled that of ianfre-red light communications equipment. Though no act-
.-ual use of the equipment was madse, its state of development was advanced end

showed definite possibilities worthy of further consideration.

The developmentu of the equipment was carried out by the Heat and
Light Department of the Second Naval Technical Institute in conjunction with
the Physics Department of Osaka Imperial University and the Itami Plant of the
i tsubishi- Manufacturing Company. The development of suitable ultra-violet
filters was carried out by Professor Y. HOSHINO of the Tokyo Technical College.
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2, NAVY TYPR o ULTRA~-VIOLET LIGHT PHOTOPHONE

- The Navy Type 5 ultra-violet photophone was developed by the Heat and Light

Section of the Second Naval Technical Institute in conjunction with the

‘Physics Department of the Osaka Imperial University and tne ITAMI plant of the

Mitsubishi Electric Company. (Figure 2) A block diagram of the system, wiring
diagrams of the transmitter and of the receiver are shown in Figures 3, 4, and
5. The equipment as used by the Second Naval Technical Institute utilSzed a
100 watt mevcury vapor lamp (Figure 1, part (d)), but research was being con-
ducted to utilize high pressure mercury arc lamps. (Figure 1, part (g} So (1)),
The lamp was placed at the focus of a 60cm reflector for the transmitter. and

e caesium cell was placed at the focus of another 60cm reflector for the
recelver, The effective range of the equipment wes placed at 10-15 km but it
is believed that this was under ideal conditions. One prototype construction
by the Mitsubishi Electric Company, but obtained at ZUSHI, was nearly comp.eted
and has been shipped to the Naval Research Laboratories under NavTechJap Equip-
ment Numbers JE21-6324 to JE21-6329,inclusive. For the purpcse of showing the
relative importance pleced on ultra violet equipment by the Japanese, an organ-
zation table of the Heat and Light Section of the Second Naval Technieal Insti-
tute is attached as Enclosure (A). A4 summery of the research work conducted

by Professor T. ASALA at the Osake Imperial University is given in Enclosure

3.  EXPERIMENTAL ARMY PHOTOFHONE
M

" .
Although Mitsubishi reported that they had developed an experimental model .
Army photophone some years ago but had stopped work on it and wers not femil-
iar with its de%zails, they produced incomplete wiring diagrams of the tran-~

smitter and receiver and produced a low ?ressure mersury vapor tube which was

used for the light source. (Figure 1, (f)) The tube was of standard design
and had been merufactured by the Tokyo Shibaura Electric Company. There may be
no significance to this ultra-violet light communications equipment other than
that the spectras of low pressure mercury tubes favor the very short wave length
ultra-viole@ light over visible and infra-red light. Photographs of Svectra vs
gas pressure¢ in the mercury tubes, (NavTechJap Document No. ND50-5843), show
that the experimenters were aware of this fact. Further, Prof. HOSHINO, of the
Tokyo Technieal College, was working on a filter which he claimed would pass
the mercury 2537 Apline,but cut out all longer wave lengths. He said that his
work was considered "Top Secret" throughout the war. The Plan was to use a low
ght source in conjunction with his rilter to obtain e
isible through normal ultra-violet filters which
do not pass light of wave length 2537 AC ’
No samples of this filter were avallable but the details of the filter are

"given in Prof. HOSHINO's meport on filters entitled "Method of Producing

Organic Dye Infra-Red Filters™, which is Enclosure (0) of NavTechdap Report,
"Japanese Infra-Red Devices, Article 3 - Research, Development, and Manu-
facture of Infra-Red Equipment", Index No., X-02-3,

4. GENERAL

As with infra-red equipment, the Japanese developed only leboratory models
which in.theory had merit but were not practical for field use, Navy equip-
ment must, of necessity, work on rolling ships but very little effort was made
to incorporate such ideas imto the equipment. However, the ultra-violet photo-
phone represents original thought and appears worthy of further consideration.
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‘ Figure 4 ,
TRANSNITTER WIRING DIAGRAN - Ny ]TYPE 5 ULTRA-VIOLET PHOTOPHONE
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Figure 5
_RECEIVER FIRING DIAGRAM - NAVY TYPE 5 ULTRA-VIOLET PHOTOPHOWE
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‘ ORGANIZATION AND RESEARCH PROJECTS
¥ OF THE LIGHT AND HEAT DEPARTMENT ’ N |

SECOND NAVAL TECHINCAL INSTITUTE
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10 September 1945
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ENCLOSURE (A)

1.  INTRODUCTION:

The Light and Heat vepartment was newly organized for the purpose of oarry-
ing out reseaxrch and development on ultra-violet ray photophones, infra-red
oqmmnniqatiqn apparatus, | d heat ray detectors, )

é. organiztion: Thé organiztion of the Light and Head Section is
shown‘I% Table I N '

Table I(A)

ORGANIZATION OF THE LIGHT AND HEAT SECTION OF THE
} S SECOND NAVAL TEGHNICAL INSTITUTE

Head of the Department: Ceptain K. IZUISHI

b

Section Duties . Location Staff Assistants
U Members

office | General Office Work | ZUSHI and MEGURO 7 21

Design Design and Drafting ! L

First | Study of Fundementals ZUSHI and MEGURO
and Caeslium Photocelils

Second | Heat Detector and ZUSHI
Noctovision

Third Photophone 7USHI 35

Fourth | Infra-Red Ray ATIRO ’ 39
Apperatus

Total i 27 142

b. Research Projects: The research piojects undertaken are listed,
with contemplated uses and pertinent remarks, in Table II(a). Additional
details can be found in the "Report on Scientific Intelligence survey in

Japan®, by the USAFPAC Scientific and Technical Advisory Section, dated
1 November 1945. ' '
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ENCLOSURE (4), continued

Table II(A)

RESEARCH PROJECTS CONDUCTED BY THE LIGHT iND HEAT SECTION
OF THE SECOND NAVAL TECHNICAL INSTITUTE

Item - Uge Remarks

Infra-Red Ray {Installation Utilizes 1 kw tungsten lamp, inter-
Communication {on ships of rupted beam with infra-red filter
Equip., Type 2. large size. for transmitter and ceesium photo-
cells with amplifiers for receliv-

ers. One receiver with wide angle
aperture 1is used to alert the oper-
ator and the second receiver with
narrow aperturs is used for commun-
jcations. Accurate wave lengths of |
g,000 to 12,000 A°. Effective range .
15 km. Approximately 100 manufact=
ured. N ’ i

Infra-Red Ray |[Installation Utilizes 30 watt tungstem lamp inter-i

Communication, jon ships of rupted beam with infra-reda filter

Equip., Type small size. for transmitter and a small nocto-

3. _ vision tube for receivsr. Effective ;
) range: 50 km. Approximatsly 100 man-|

ufactured.

Infre-Red Ray |Between fixed Same as Type 3 but with optical parts
onmunication [land stations. enlarged. Effective range: 30 km. :

quip.. Type 5 Two protosets made.

Ultra-Violet |Station to Utilizes modulated 100 watt mercury

- Photophone, Station tele- ljamp with 60 cm mirror as transmitter
Type 3.. phone +, and pnotocall with 60 cm mirror ag

) : receiver. Effective range: 10-15 m,
One prototype nearly completed.

Heat Ray Installed in Utilizes a thermopile and a 20 cm
Dectasactor, alroeraft to mirror on a revolving base. Effec-
Type 5. locate ships tive range: 10 km against airplane
or airoraft. epgines and ship funnels. Experi-
mental apparatus only. Not in pro-
duction.

'] Intra-Red On airoraft to Utilizes 80 ¢p tungsten lamp with
Ray, IFF. identify each an .infre-red filter for transmitter

’ cther. and a noctovision tube for recelver
' Effoctive range: 5 lm. Eight sets
were made. (System using 750 watt
i8mp TO 1nfTreuse rangs oo 10 km was
under trial manufacture.

Infra-Red Oon boats for | Utilizes 4O watt tungsten lamp and
Ray Baacon night naviga- a 20 ocm reflector with infra-red
and Ddtector. |tion in her- filter for transmitter and caeslum-

K bors : type noctovision tube for receiver.
Effective angle: o degrees, effective
range: 7 km. '
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- ENCLOSURE (B)

DESCRIPTION AND APPLICATIONS OF HIGH PRESSURE MERCURY LAMPS
(Edited Summary of Information Contained In NavTechJap
- Document Nos, ND50-5843.1 to ND50-5843.5, b ' s
Prof. T. ASADA, Osaka Imperial University{ :
1. In recent years studles of super high pressure mercury lamps have been
carried out in several laboratories throughout the worlde Our lamps, made of *
fuzed quartz, are of both air and water-cooled types, using mercury pools for ;
the positive and negative electrodes. The current for the lamp is supplied
=from a 600 volt, D.C. source with the ripple voltage as low as possible. The
~specifications and operating conditions of the water-cooled type are as fol-
lows: .

B . .. - Inner diameter of tube at arc ....... l.5mm
e, el . /::“( ATC length oolooc-tco-:ooooo'oco-nn.. lom

T Plate current ..i.iecesccesediosceasnes 1 amp.
o K ‘Terminal VOltage ...ieeeceeroeceenans 500 Vv
PR Pressure of mMErcury VEPOT eeeceeeeee. 120 atm
N Light intensity 0680000000000 000800 3000 Op
Maximum BrightheSS seceeecacecocsoess 50,000 stilb
Life 000G 008000sPIIPBOLIOGELEIIPLIEOGEOIEBLEOCEUBBLEOEES lOOOhI‘
Cooling (Water)eeoeeceseeossaeeesnees 1o5 1 min,

2. To start the lamp, high frequency shocks are applied to the lamp while
‘the D.C. voltage of 600 volts is supplied to the terminals,

. 3. In the case of the water-cooled lamp, if thé running water stops, the ‘

v lamp is easily destroyed. To. prevent this damege, a water switch is used.

N The two electrodes of the switch are connected to the current circuit of the
o lamp, and the circuit is closed as long as the cooling water is running but

breaks when the flow stops. iAn additional precaution must be taken if the

cooling water contains a trace of iron ions. A film of iron hydroxide is

easily formed on the quartz tube et the arc part, as a result of heat or the

. - intense ultra-violet rays, and reduces the transparency of the lamp. This
8 defect .can be prevented easily if a small quanity of oxalic acid is added to

‘ the cooling water. When the lamp is used in aircraft, a circulstion pump is '

* used and about three liters of water are circulated at the rate of one liter z

per minute. ;

L.  The meritsAof the water-cooled super high pressure Hg lamp are:

a. * The brilliancy is probably 30 to 50 thousand siilb and 1is higher
than ordinary carbon asrcs.

b. Although the candle power is less than that of & carbon arc of
greet intensity, it is greater than thet of a tungsten filament lamp.

c. The efficiency is as high as about 7 candle power per watt.

d. The light giVes off very little hesat, specially in case of a water-
cooled type, and can be used continuously without over-heating the
equipment. .

- e. The light can be modulated‘tOJpractically 100%.

f, The lamp emits high intensities of both ultra-violet and infra-red
light, permitting a dusl purpose use.
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‘g, Usling g process photographic plate with a green filter, the lamp
can be used as a very intensse monochromatic 1ight source of the green

1ine whose wave length is 5461 AC.
h. The arc is stable and is easy to handle.

(8

5. The appliéations of the 1émp are as follows:

& a. Light source for searchlight of comparatively small size. The lamp
: is a light source of a point form and it does not change its relative
location during operation. The optical advantages of such a light
source are self-evident.

b. Light source for movie-projector. The screen appeareance: is very
white and #ince the light emits but a small quantity of heat’ compared
to a carbon arc or a filasment lamp, it minimizes the danger of igniting
the film. If the lamp is modulated or flush synchronized with the speed
0of the f£ilm, the brightness of the screen can be further greatly in-
ereased, This lamp has actually been used in movie-theaters.

¢. Light source for printing photographs on zine plates. This lamp
has elso been used practically in printing work by the Asahl News-

paper Publishing Co.

d. Light source of an electromagnetic bscillograph of the Duddel type.
As the brilliancy is high, this lamp is suitable for recording high
frequency phenomena, and is much better than tungsten lemmns.

A

e. Light source for a demonstrating microscope in a lecture hall,

6. Light source for a light-telephone ( photophone).

a. The frequency response ¢f the lamp has been studied and light can
be modulated from 60 to 15,000 cycles. For higher frequencies the 1iight
modulation decreases, even though the current responds to the modula-
tion. However, for the light-telephone, a frequency response of 60 to
10,000 cycles is sufficient. At lower frequencies (below 1000 cycles)
the light flux from the lamp is proportional to the current through it
raised to 1.5 power. At frequencies higher than 1000 cycles, the deg-
ree of modulation of the light flux decreases and is less than that of
the current. The phase angle of the light is retarded compared with
that of the electric current and at 1000 cycles,this phase diffzsrence
is about 120 degrees, but this time lag is so short that in a light-
telephone we can not detect this phase lag with our ears. The termirpal
voltage remains constant sven thougpthe current is modulated.

.

b. The light source was placed at ‘the focus of a 120cm reflector and
as the brilliancy was very great, it was possible to communicate over
) . . & great distance. (20km at nights. The receiver consisted of a caesium
i “ photoelectric tube placed at the focus of a 30cm reflector with a gain
* of about 100 db in the amplifier. The distance was doubled by supply-
ing a 10cm high frequency poteatial to the phovoelectric tube to in-
_erease the sensitivity and to increase the signal to noise ratio.

i
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ENCLOSURE (B), continued

¢. In cases where the degree of modulation of the current exceeded 100%
the light went out. However, with the use of a set of relays and high
frequency current, the arc will relight automatically in less than one
second. :

do The light source contains much ultra-violet and infra-red light and
can be made invisible by adapting a suitable filter. ;

7. The method of communication by mesns of a modulated light beem can be
applied to the ordinary picture transmission, (i.e., the wires connecting the
transmitting station with the recelver station of the picture transmission
can be.replaced by this modulated light). However, since the light intensity
varies in proportion to the 1.5 power of the current, the contrast in the
received picture is greater than that of the original picture and a specisal
amplifier must be constructed to compensate for this defect.

'

8, Ligﬂt source of "Schattenmethode" (shadow method) and "Schlierenmethode”
(knife-edge method). This light source can be used as if it were a very in-
tense source of monochromatic light, ( wave length of which is 5461 A°), by
using a suitavle filter such as an aqueous solution of potassium bichromate
and as such is veluable for viewing objects by the shadow method or by the

knife-edge method. ,
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ENCLOSURE (C)

LIST OF DOCUMENTS FORWARDED TO WDC THROUGE ATIS
= (ATIS No. 463C)

RavTechJap No.

ND50-5843.1. "Photo Transmission by Ligﬂf Beams" (Reprint of article by
: T, ASADs and H. YOSHINAGA,1940). »

ND50-5843.2 "liodulation of the Luminosity and Application of Super High
Pressure Mercury Lamps"” (Reprint of article by T. ASADA and
H., YOSHINAGA, 1940). 4

ND50-5843.3 "ﬁbdulation of Luminosity‘and the Application of Super High
* Fressure Mercury Lamps" (Reprint of article by T. ASADA
and H. YOSHINAGA, 1942).

ND50-5843.4 "The Modulation of Luminosity of Super High Pressure Mercury
Lamps™ {Reprint of article by H. YOSHINAGA, 1942).

ND50~-5843.5 "Light Spectra of Super High Pressure Mercury Arcs" (Reprint
i of article by T. ASADA and H. YOSHINAGA]).

i

ENCLOSURE (D) -

[l

LIST OF EQUIPMENT SHIPPED TO THE
. NAVAL RESEARCE LABORATORY
Washington, D.C.

NavTechdap No.

E 50-5837 Mercury Tubes
21-6324 Miscellaneous; Fllters
21-6325 - Mirrors (4 ea)
21-6326 Loud Speskers (2 ea)
21-6327 Amplifier (1 ea)
21-6328 “Translator, Photocell (1 ea)

21-6329 Modulator, Photophone Type 5
(boxes 1 to 6 incl.)






