
VOLUME 17 

JOURNAL 

OF T~E 

NUMBER 92 

RADIO RESEARCl-I LABORATORIES 

JULY 1970 

CONTENTS 

J Study on Mass Spectrometer for Direct 

Measurement of th巴 Upper-Atmosphere

Composition... . ...・・ 0・・ ・ ・ 0 ・ ・ ・ .. . . •By N. Fugono 235 

RADIO RE;SE;ARCH LABORATORIE;S 

MINISTRY OF POSTS AND TELECOMMUNICATIONS 

TOKYO, JAPAN 



VOLUME 17 

JOURNAL 

OF THI: 

NUMBER 92 
Printed in T。kyo,Japan 
pp.お5-334

RADIO RESEARCH LABORATORIES 

JULY 1971 

UDD 551.印8.9+621.部4.8

STUDY ON MASS SPECTROMETER FOR DIRECT MEASUREMENT 

OF THE UPPER-ATMOSPHERE COMPOSITION 

By 

Nobuyoshi FUGONO 

(Received Feb. 27, 1970) 

CONTENTS 

ABS官RACT..・ H ・......・ H ・－－…...・ H ・.....・ H ・H ・H ・.....・ H ・－－………...・ H ・.....・ H ・..238 

CHAPTER 1. Reviews of Mass Spectrometer used 
in Space Vehicle .. . .. .. .. .. . .. . .. . . .. . .. . . .. . . . .. . . . . . . . .. . . . .. . . .. 23 8 

1. 1 Introduction . . . . .. .. . .. . .. . . . .. . . . . .. .. .. . .. . .. . . .. . .. .. . . .. . .. .. . . .. . .. . .. .. . . .. 238 
.1 Outline of the Upper-Atmosphere .................................... 23 8 
. 2 Method to Measure the Upper圃Atmosphere

Composition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 244 
（吋 Absorptionof Solar Ultra-Violet Radiation ..................... 244 
（ゆ Air-Glow........................................................................ 247 
(c) Chemical Release ............................................................ 250 

(d) Mass Spectrometry .. .. .. .. . .. .. .. .. .. .. .. .. .. .. .. .. . .. .. . .. .. .. . .. .. .. . .. .. 25 1 
,2 1. 2 Static Mass Spectrometer .. .. .. .. .. . .. . .. . .. .. . .. .. . .. . .. . .. .. . .. . .. . .. .. .. . 25: 

. 1 Deflection Type . . . .. .. .. .. . .. .. .. . . .. . .. .. .. .. . .. . . .. .. .. .. . .. . . . . .. .. .. . .. 252 

. 2 Time of Flight Type .. .. .. .. .. . .. . . . .. .. . .. .. . . .. .. . .. .. .. .. . .. . .. . .. . .. .. 254 

. 3 Ion Trap .. .. .. . . .. .. .. .. . . .. .. . . . .. .. .. .. .. . .. .. .. . .. .. . .. .. .. .. . .. . .. . .. .. . . .. . 256 
1. 3 Dynamic Mass Spectrometer . .. . .. .. . . .. .. . . .. . . .. . .. . . .. . .. . . . .. . . . .. .. . 25 8 

. 1 Radio Erequency Type . .. .. .. . . . . . . .. .. .. .. .. . . .. . .. . .. . . .. . .. . .. . .. . .. .. 258 

. 2 Quadrupole Field Type .. .. .. .. .. .. .. . . .. .. .. .. . . .. .. .. .. .. .. . .. . .. . .. . .. . 261 

235 

http://www.nict.go.jp/publication/journal/17/092/Journal_Vol17_No092_p238.pdf
http://www.nict.go.jp/publication/journal/17/092/Journal_Vol17_No092_pp238-267.pdf


部6

. 3 Resonant Type －－－……・・・・・・・・・・・・・・・……・・・・・・・・・・・・・・・・ ・・・・・・・ー・…．．． 266 
1. 4 Discussion ……...・ H ・H ・H ・－－………...・ H ・－－…………………………… 266

CHAPTER 2. Mass Spectrometer Using Spatially 

Periodic Static Field . .. .. . .. . .. .. .. .. . . . .. . .. .. . .. . .. .. . .. . . . .. .. 268 

2. 1 Introduction ……・・・……...・ H ・－－－－－－－－－－－－－－…・・・……・・・・・・・・・・・・…・・・．．． 268 
2. 2 Motions of Charged Particles Passing Through 

Spatially Periodic Static Fields .......................................... 268 

. 1 Axially Symmetric Periodic Magnetic Field ．・・・・・・・・…．．．．．．．．． 268 

. 2 Axially Symmetric Periodic Electric Field . . . . . . . . . . . . . . . . . . . . . 269 

. 3 Quadrupole Periodic Magnetic Field …...・H ・－－……・・……・… 270 

. 4 Quadrupole Periodic Electric Field ……………………...・ H ・..271 

. 5 Discussion …・・・・・・…・・・・・・・・・・・・・・・・・・…・・・・・・・・・．．．．．．．．． ................. 272 
2. 3 A Configuration of Mass Spectrometer Using 

Spatially Periodic Static Field ．．．….................................... 274 
2. 4 Calculation of Orbits of Charged Particles ........................ 276 

2. 5 Investigation in the Case of Finite Length of Sensor …・・．．．． 278 
2. 6 Investigation into Actual Arrangement 

of Magnetic Field …………………・・・・・・・・・…・・・・・・…・・・・・・……・・・… 279 

2. 7 Prototype －－－－－…・・・……・・・・・・・・・・・・…………・・・…－－－－－－－－－…・・・・・・・・・．．． 280 
2. 8 Experiment ．．．…・・・…・・・・・・・・・………………・・・・・・・・・・・・…・・・・・・・・・・・・・・・… 282 

2. 9 Discussion …－－－－－－……・・・・・・………………・・・・・・・・・……・・・・・・…・・・…… 284 

CHAPTER 3. Problems Accompanied with Experiments 

on Space Vehicle and Its Calibrations ...............…... 285 

3. 1 Introduction －－－…・・・・・・・・・・・・…・・・………．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．． 285 
3. 2 Effects Originated by Invasion and High Speed 

Flight of Space Vehicle ………・・・・・・・・・・・・……・・・・・・……・・・…・・・・・・… 286 
. 1 Effects of Aerodynamics ．．．．．．．．．．．．．．．．．－…・・・・・・・・・・・・・・・．．．．．．．．．．．． 286 

. 2 Ram Effect …・・・・・・…・・・・・・……………・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・…．．． 286 

. 3 Pressure Effect ．．．．．．．．．．．．．．．．．．．．．．・・…・・・・・・・・・・・・・・・・・・…－－－－－－－－－－－－… 288 

. 4 Potential and Field Effect ．．．．・・・・・…・・・・・・・・・・・・・・・・・・・・・・・・…．．．．．． 289 

. 5 Others ．．．．．．．．．…・・・…・・・・・・・・・…………・・・・・・……・・・・・・・・・・・・・・・… ..... 292 
3. 3 Influences Appeared in Data of Measurement …・・・・・・・ぃ．．．．．．．．． 292 

. 1 Characteristics of Velocity ………・・・・・・……・・・…・・・・・・・・・・ぃ．．．．．． 292 

・. 2 Characteristics of Attack-Angle －－－－－・・・・・・・・・・・・・・・・・・・・・・・・・・ー．．．．．． 295 
. 3 Characteristics of Potential ………...・H ・－－……………………… 298

3. 4 Characteristics for Active Species of the 

Upper-Atmosphere ……・・・・・・・・・・・・・・・……・・・・・・…・・・…－－－－－－．．．．．．．．．．．． 299 
3. 5 Calibration －－…・・・………・・・………………・・・・・・……・・・・・・・・・…．．．．．．．．． 299 

. 1 Calibration as an Ordinary Mass Spectrometer －－－－－－－－－－－－… 299 

. 2 Calibration for Characteristics Caused by 

High Speed Flight ．・・…………………・・・・・・…・・・…・ー・・・・・・…・・・… 300 
. 3 Calibration for Active Species ....................................... 302 

. 4 Calibration System …・・・ ・．．．．．．．．．． ...................................... 304 

(a) Outline of the System ...・ H ・.....・ H ・.....・ H ・－－…………………… 304
(b) Generator and Supplier of Gas Species ………………… ・・… 305 

(c) Plasma Source ...・ H ・－－…...・ H ・H ・H ・－－…...・ H ・－－……...・ H ・－－……… 307

http://www.nict.go.jp/publication/journal/17/092/Journal_Vol17_No092_pp268-285.pdf
http://www.nict.go.jp/publication/journal/17/092/Journal_Vol17_No092_pp285-312.pdf


但） Main Vacuum Chamber －…H ・H ・－…....・H ・....・H ・....・H ・.....・H ・－… 310
(e) Standard Mass Spectrometer …...................・H ・...・H ・...・H ・..310 
(f) Faraday Cup ….............................................................. 311 
(g) Data Processing ・…H ・H ・...・H ・....・H ・......・H ・.....・H ・...・H ・...・H ・..312 
(h) Support Equipments ...・H ・－－………H ・H ・H ・H ・…・・・……………… 312 

CHAPTER 4. Experiment of Spatially Periodic Static 
Field Type Mass Spectrometer on Board 

Japanese Sounding Rocket H ・H ・......・H ・・・・・・・H ・.....・H ・..313 
4. 1 Constitution of the Flight Instruments ......……......……・…..313 

4. 2 Sensor ...・H ・H ・H ・....・H ・...・H ・...........・H ・.....・H ・H ・H ・.....・H ・H ・H ・－－… 314

4. 3 Electronic Circuits …………...・H ・－－………………H ・H ・・H ・H ・－－…… 316 
4.4 Pre・FlightCalibration ………...・H ・－－……・H ・H ・－－………………… 317
4. 5 Integration of Payload ……………………………….....・ H ・...…… 318
4. 6 Result of Flight Experiment ………・・・H ・H ・－－－…………………．．． 320 

4. 7 Discussion ……………………………………...・ H ・－－………………… 321

CHAPTER 5. Concluding Remarks ...・H ・.....・H ・.....・H ・H ・H ・－－…...・H ・..323 

Acknowledgements …….......…・・…・...・H ・－…－…・・………・・・…………・...・ H ・－ 324 
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 4 

Appendix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 1 

237 

http://www.nict.go.jp/publication/journal/17/092/Journal_Vol17_No092_pp313-322.pdf
http://www.nict.go.jp/publication/journal/17/092/Journal_Vol17_No092_p323.pdf
http://www.nict.go.jp/publication/journal/17/092/Journal_Vol17_No092_p324.pdf
http://www.nict.go.jp/publication/journal/17/092/Journal_Vol17_No092_pp324-330.pdf
http://www.nict.go.jp/publication/journal/17/092/Journal_Vol17_No092_pp331-334.pdf

	index



